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RELATIONSHIP BETWEEN THE GENERAL PRACTITIONER 
AND THE INDUSTRIAL PHYSICIAN 


EARL F. LUTZ, M.D. 
DETROIT 


OST PHYSICIANS are well aware of the fact that the average general prac- 

titioner takes care of an occasional patient whose case is an industrial medical 

one, but few realize that surveys have established that from 70 to 80% of the 

employed population in the United States receive their industrial medical service 

irom general practitioners and that 94% of all general practitioners surveyed indi- 
cated that they carry on some industrial practice. 

Actually, nearly every physician practicing medicine gives service to industry at 
certain times, either by treating men who have their own businesses, such as farmers 
and those with one-man business organizations, or by handling patients referred to 
them by industry. In spite of this, however, most general practitioners are not 
primarily interested in industrial medicine. They concentrate most of their attention 
on problems in internal medicine, acute infectious diseases, obstetrics, metabolic 
diseases, etc. Likewise, top management of industry is not primarily interested 
in and does not want to practice medicine. Their primary objective is to manufac- 
ture automobiles, washing machines, locomotives, or what have you, and their chief 
concern is that the article they are manufacturing be of superior quality and that it be 
produced in an economical manner. 

In order to accomplish this objective, it is necessary for industry to comply 
with all the laws of the state and Federal governments, and this is no simple matter. 
Some of these laws happen to be compensation laws which require that industry be 
responsible for the diagnoses and treatment of occupational diseases and injuries. 
Industry was quick to recognize the fact that the medical profession was capable of 
contributing much more to the efficiency of industry than the mere repair and care of 
an employee’s industrial ailments. They learned that diagnoses and emergency 
treatments of nonoccupational illnesses along with prompt referral of the employee 
to his family physician were a marked help in reducing absenteeism. They felt that 
attention to such details was good not only for the employee and his family but also 
ior the general practitioner and industry itself. As a result, good health-maintenance 
programs began developing, and such programs, in addition to complying with the 
law, proved to be excellent for business. Industry learned that it was economically 
sound to keep every employee as healthy as possible. 

You might well ask the question, “What is this health-maintenance program? 
How does it affect me?” In brief, it is a program designed to help the employee 
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maintain his own health in the best manner possible. It means observing and super- 
vising the employee’s working environment to be sure that working conditions at 
all times are safe and healthful. It means that every new applicant should be 
carefully examined to determine his physical capacities so that he can be placed upon 
a job which he is physically, mentally, and temperamentally capable of doing without 
hazard to himself or his fellow workers. It means providing prompt and competent 
treatment of occupational injuries. It means that when any employee presents 
himself to the medical department the employee is entitled to and should receive 
enough of an examination to determine if his ailment is or is not of occupational 
origin. 

If the ailment is of occupational origin, the company is responsible for subsequent 
treatment. If the ailment is not of occupational origin and is minor in nature, 
emergency service should be rendered so that the employee can finish out the rest 
of the shift, and subsequent attention should be given by the family physician. 
If the ailment is of more serious concern, the employee should be immediately 
referred to his family physician. 

Now, how does this affect you? In each week there are 168 hours. The average 
employee spends 40 of these or approximately one-quarter of his time at his place 
of employment ; the other three-quarters of his time can be used in any manner he 
wishes. Therefore, it is self-evident that industrial physicians and physicians in 
private practice, whether they be general practitioners or specialists, share a respon- 
sibility in caring for the health and well-being of every employee. 

Now, I should like to review some of these responsibilities. I should also like 
to point out how the functions of each (the industrial physician and the family 
physician) complement rather than supplant each other and to show how it is to 
everyone’s advantage to have a close compatible relationship between these two 
in caring for the person who is most vitally concerned—the employee. This subject 
naturally falls or divides itself into two parts. First, the occasions on which the 
industrial physician refers an employee to the general practitioner and, secondly, 
the occasions when the physician in private practice refers his patient to the indus- 
trial physician. 

INDUSTRIAL PHYSICIAN INITIATES REFERRALS 


In furthering health-maintenance programs in industry, the industrial physician 
is called upon to examine employees at different times and for various reasons. 
During the preemployment examination, the results of these examinations can be 
classified under the following headings. Under each classification you will note a 
brief list of examples which in no instance is intended to be considered at all 
complete. 

A. Nondisqualifying ailments: (1) infected tonsils; (2) deviated septum; (3) 
moderately high blood pressure, and (4) mild diabetes. 

B. Ailments causing temporary disqualifications: (1) hernia; (2) varicose 
veins, and (3) poor vision. 

C. Ailments causing special placement problems: (1) arrested tuberculosis ; 
(2) epilepsy, and (3) heart disease. 

D. Ailments causing disqualifying conditions: (1) serious heart disease and 
(2) malignant hypertension. 
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After the physical examination is completed, each applicant is informed of his 
physical condition. Those applicants having nondisqualifying ailments are permitted 
to start work immediately, with the understanding that they will consult their 
family physicians at the earliest opportunity and have their ailments treated. In many 
cases the new employee is required to bring a statement from his physician indi- 
cating that he is receiving adequate medical care. 

Those applicants having ailments causing temporary disqualifications are not 
permitted to begin work until their ailments are corrected. Such applicants are 
promptly referred to their family physicians who have the opportunity to cure or 
correct these neglected ailments. Upon recovery these applicants can be reappraised 
for employment. 


Applicants having ailments causing special placement problems must be placed 
upon carefully selected jobs at which they will not run the risk of aggravating their 
physical condition or be a hazard to their fellow employees. They should not be 
transferred to any other job without the approval of the plant medical staff. 

It can readily be appreciated that in many of the conditions mentioned the 
classification in which the employee is placed depends entirely upon the severity 
of the pathology. In the first two classifications, the nondisqualifying and the 
temporary disqualifying conditions, the problem is a simple one. The industrial 
physician refers the employee to his family physician for treatment. 


A more serious problem exists in those instances in which there are special 
placement problems or serious disqualifying conditions. Here the private practitioner 
and the industrial physician share a responsibility that frequently can only be 
properly discharged when both are in complete agreement. 

In cases of arrested tuberculosis, epilepsy, or serious heart disease, for example, 
the family physician upon request should inform the industrial physician as to his 
opinion of his patient’s physical condition and prognosis. The industrial physician 
then has the responsibility of placing the applicant at a job which is in keeping with 
the physical abilities of the applicant and in an environment in which there can be 
no aggravation of his disease state. 

Differences of opinion are bound to arise in some of these instances. However, 
if the family physician is explicit in his information and the industrial physician 
explains in detail just what the applicant will be required to do and describes the 
environment in which he expects to work, these differences in opinion rapidly dis- 
appear. In general, the private practitioner knows far more about the applicant's 
past medical history and physical condition, while the industrial physician knows 
far more about the physical requirements of the job and the working environment. 

Next, I should like to take up the responsibility of the industrial physician in 
relation to nonindustrial illness or injury. 

Any health-maintenance program in industry worthy of the name must be built 
on a foundation of preventive medicine. The industrial physician must be aware 
of every exposure in the plant that might affect the health of an employee. He must 
see that these exposures, whether from dusts, vapors, chemicals, or what have you, 
must be under control. 

Similarly, the industrial physician should be interested in the employee who 
comes into his medical department ailing from a nonoccupational illness or injury. 
The employee usually considers these conditions to be trivial and in most instances 
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they are, but to the industrial physician such visits provide him with one of his 
greatest opportunities to further his health-maintenance program with “preventive 
medical advice.” 

Factually, the industrial physician’s role is that of a fact-finding or case-finding 
agency. It is not in his province to treat these employees. Many of the complaints 
which are considered minor by the employee and too trivial in his opinion for him 
to consult his own physician are often found to be early symptoms of major disease. 

Once the industrial physician recognizes an ailment he refers the employee to 
his own general practitioner who can correct the disease in its incipiency. In this 
manner the industrial physician not only has helped the man but also, I wish to 
repeat, has furthered his own health-maintenance program. One of the main objec- 
tives of this program is the reduction of absenteeism from illness. Numerically, the 
type of referral just mentioned accounts for the greatest number of referrals initiated 
by the industrial physician. 

Some physicians may wonder whether the number of cases I refer to are very 
numerous. A few years ago, one of our divisions which employs 10,000 men kept 
records for a one-year period on the number of employees referred to their family 
physicians or outside specialists by the divisional medical staff. They were amazed 
to learn that more than 20,000 referrals were made in one year. Or, in other words, 
each employee was referred on the average of once every six months to his private 
physician. I believe everyone will agree with me that this is a sizeable number of 
referred cases. 


REFERRALS ORIGINATING WITH THE GENERAL PRACTITIONER 

Up to this time I have been concerned almost entirely with referrals made by 
the industrial physician to the private practitioner. Now, I should like to touch a 
bit upon referrals, requests, and recommendations made by the private practitioner 
to the industrial physician. 

In general, these fall into four groups, in the first of which the private practi- 
tioner calls the industrial physician’s attention to a condition suspected to be of 
industrial origin. 

We in industry sincerely appreciate these referrals, and whenever one occurs, 
a thorough investigation is made to determine why the employee did not come to 
the company medical department initially and if he did do so why he was not given 
adequate attention. Occasionally we find that there is an honest difference of opinion 
between the family physician and the company physician as to the etiology of the 
case. We do not believe that it is advisable for any physician to completely accept 
the opinion of another physician without reservation, whether he be a private or 
an industrial physician. We do believe, however, that every physician’s opinion is 
entitled to the utmost respect. We believe that the industrial physician should study 
each one of these cases very carefully and then base his diagnoses and opinions on 
factual information obtained through modern examination practices and laboratory 
tests, rather than accepting the opinion of another physician who may never have 
had an opportunity to see the operation alleged to be responsible. 

I want to repeat a point brought out a little earlier. We find that the family 
physician is much more familiar with his patient’s past medical history and frequently 
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gets a more complete description and history on current ailments. On the other 
hand, most industrial physicians are much more familiar with toxic exposures 
within the walls of their own factories than are the private physicians. 

Here | should like to stress two points which should be of special interest to 
both the private practitioner and the industrial physician: (@) A physician should 
never make a diagnosis of an occupational disease or any other illness, for that 
matter, by exclusion alone; simply because there appears to be no other cause for 
an illness, it is not reasonable to decide that the illness is occupational in origin and 
(b) with every occupational disease there must be a history of harmful exposure, 
and the conditions of the exposure must be such as to be able to cause the disease. 
For example, to acquire silicosis, a workman must have been exposed to silica, and 
in order to have the symptoms of lead absorption he must have been exposed 
to lead. 

Let me more fully illustrate what I mean. Not too long ago, the following 
incident happened. J. H., a spray-painter on a body line in an automobile plant, 
was discovered to be losing weight and to be developing a pallor. His family 
physician, on learning that he was an automobile spray-painter, made a diagnosis 
of lead intoxication without thorough investigation and notified the company to that 
effect. It was rather embarrassing to tell the physician that the paint with which 
J. H. was working contained no lead at all and that the employee was not exposed 
to lead at any time during his day’s work. Subsequently it was learned that J. H. 
had a primary anemia of nonoccupational origin. Had the industrial physician been 
consulted in this instance before a definite commitment had been made, there would 
have been less embarrassment all around. 

The last three types of referrals from the family physician overlap somewhat 
and can probably be discussed better as a group. They are as follows: (a@) recom- 
mendations that an employee be returned to work after an illness; (>) a request 
that an employee be given a leave of absence because of his health, and (c) a request 
for job transfer because the job is hazardous to the employee’s health. 

We have found that too often the family physician is imposed upon by his patient. 
The employee frequently minimizes his symptoms when he is trying to get back 
to work, or he exaggerates his symptoms if he is trying to get a leave of absence 
or a job transfer. His description of the type of work and working conditions are 
often considerably distorted in order that he may influence his physician to give him 
the type of certificate he wants. 

At this time I should like to bring up a rather touchy subject. Over the years, 
every industrial physician has received a multitude of certificates, affidavits, or notes 
from private physicians recommending that employees have leaves of absence, trans- 
fers from night to day shift, or placement on a lighter or different job. 

On the whole, these are the honest sincere opinion of physicians attempting to 
assist the industrial physician in properly placing employees. But in some instances, 
unknown to the physicians, these certificates have been used by less conscientious 
employees in an effort to receive preferential consideration. In my own mind I am 
confident that the private physicians have never intended that their certificates 
should be used for such purpose. 

By all means give the patient every possible consideration, but do not let him 
make you a partner to an obvious illegitimate claim or request, because in every 
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instance he will be infringing upon the rights of some other employee who may 
even be one of your own patients. Let me illustrate the type of case I have in mind. 
Last June at one of our divisions, a workman came in requesting a 90-day leave 
of absence ; the man was interviewed and the leave was refused. A week later he 
returned with a certificate from his physician recommending such a leave because of 
his health. The employee was examined by the plant physician who could find no 
evidence of ill health. This physician called in the foreman to learn if he had noticed 
any recent change in the employee’s appearance. As a result of these inquiries, it 
was accidentally learned that the employee had purchased several cabins in northern 
Michigan three years ago, and his real objective was to go north to run these cabins 
during the summer months. In fact, on checking back on his record, it was noted 
that the man had enjoyed leaves of absence based on alleged poor health during the 
summers of 1950 and 1951, and I am sure that in each instance some other deserv- 
ing employees had been forced to forego their rightful vacations in order that this 
employee might operate his own private enterprise. I am equally confident that none 
of you want to help such an ambitious or greedy person take advantage of others. 
It is perfectly understandable how a physician who has been the family physician 
of John Doe for 20 years would like to do a favor for him if possible. However, 
the general practitioner must remember that he and the plant physician have an 
obligation not only to the employee but also to the employee’s fellow workers in the 
plant, to the employer, to the community, and to their own fellow physicians. 


I do not believe that the general practitioner should be too perturbed if an indus- 
trial physician questions one of his notes. When an industrial physician receives a 
certificate from a private physician, he must make a check-up to properly fulfill his 


duties. First, he must determine if he can see any objective symptoms of the alleged 
illness, and, second, he must check on the employee’s job to determine if the assigned 
job might aggravate the alleged condition. Then and only then can the plant phy- 
sician make an honest recommendation to the personnel department. And here is an 
item which all practitioners must bear in mind: the plant physician does not place 
an employee “upon” or “off” a job; he merely recommends, and the personnel 
department does the actual placing. Frequently, such a job as the family physician 
may have recommended is not available ; the plant physician may have supported his 
recommendations, but if such a job is not available, then it becomes necessary to 
send the employee home until he recovers sufficiently to return to his old job or until 
a suitable opening occurs. 

Of course, these personnel problems in industry are quite a bit more complicated 
than they were 20 years ago. There are definite rules and agreements which have 
been established with the union, setting forth seniority groupings that may hamper 
making certain temporary changes. Since a physician's certificate is about the only 
thing which might circumvent some of these rules, it is easily understandable why 
the family physician is approached so frequently. The recommendations of the 
general practitioner, however, cannot set aside the rights of other employees who 
may be involved in such transfers. 

Let me bring another point to your attention. A medical certificate is of greater 
value when it is definite. If the private practitioner makes a specific diagnosis, it 
carries much greater weight with the industrial physician, for he too is a professional 
man ; in my experience as a private practitioner, I have learned that a frank approach 
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always assisted my patient’s cause much more completely than a general broad 
statement, such as “request a transfer because of ill health” or “light work only.” 

In addition, | am sure that the general practitioner who occasionally permits 
himself to be imposed upon by a patient who requests a medical certificate without 
sound medical findings is apt to find himself in a position similar to the patient in 
private practice who always needs her physician immediately ; after you rush out to 
the good lady’s house a few times and find that she did not need emergency attention, 
you are prone to pay less heed to the urgency of her requests in the future, and when 
she really needs prompt attention, there may be a delay. I believe it is the same in 
industry when recommendations without medical basis are made by private 
physicians. 

This covers the major contacts which occur between the private and the indus- 
trial physician. Both of us have a definite responsibility in helping industry's 
employees and the private practitioner's patients to maintain their health. The indus- 
trial physician covers the employee when he is at work and the private physician 
when he is away from work, and each will do a better job for the patient and himself 
if he sincerely tries to cooperate wholeheartedly with his colleagues. 


PART-TIME PRACTICE OF INDUSTRIAL MEDICINE BY GENERAL PRACTITIONERS 


There is one other point which is most important in developing a good health- 
maintenance program. If you happen to belong to the 94% of general practitioners 
who do some industrial medicine, | should like to offer a little suggestion for your 
consideration ; if followed, | am confident that this suggestion will assist you in doing 
a much better job and will return big dividends for the effort you expend. 


Have you ever wondered just how the private practitioner differs from the 
average full-time industrial physician? After all, all of us went to the same colleges, 
studied under the same professors, interned at the same hospitals, took the same 
board examinations, and belong to the same medical societies and hospital staffs. 
We treat a laceration of a fracture occurring on the highway, in the home, or in the 
factory in the same manner. Nevertheless, there is one point on which most general 
practitioners doing part-time industrial work differ greatly from full-time industrial 
physicians. Almost invariably the general practitioners lack familiarity with the 
working environment of the employees they are treating. 

It is my sincere belief that every physician doing industrial medicine, whether 
he be a full-time industrial physician or a general practitioner, should be thoroughly 
familiar with every process occurring in those plants to which he gives attention if 
he expects to render the best service possible. 

At first thought, this might sound like an impractical and unsurmountable objec- 
tive, but actually I believe, if one is sincerely interested, it can be done without too 
much time being involved or too much Herculean effort being expended. This is 
how it can be accomplished. Arrange a definite plan for you, the physician, to 
personally make plant walks. The amount of time involved, of course, will depend 
upon the size of the plant you are serving. 

For example, let us take a plant with approximately 1,000 employees which has 
roughly 10 main departments. Plan a plant walk once each month, or if you have 
the time once each week. Invite the person who is responsible for safety control in 
the plant to accompany you on these plant walks. Make a rather detailed examination 
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of all the operations in one department. Then take a rapid walk through the rest of 
the factory. In most instances this should not take more than one to one and one- 
half hours. The following month take a new department and carefully observe every 
operation in it, again taking a rapid walk through the rest of the factory. 

Over the course of a year you will become thoroughly acquainted with all the 
operations in this plant, and as you make your rapid walks through the plant from 
month to month, you will observe new changes that are occurring in the department. 
In this way you will become familiar with all the occupational disease exposures in 
your plant and the methods for controlling them. You will also see the major safety 
hazards and methods used in your factory to guard against them. These walks you 
will find are mutually beneficial to you and the Safety Director. 

Not only this but when the hourly employees find that you are interested in 
coming out and seeing them on the job, you will find a much closer relationship 
developing between you and them. They will be glad to explain the unusual things 
about the machines they operate, and when they do come to you with a complaint, 
they will not attempt to exaggerate how heavy or difficult their job is, because they 
know you have seen them at work and know what they do. Actually, one minute’s 
observation is worth a half-hour verbal description, or one glance is worth a thou- 
sand words. 

If you are truly interested in being a better industrial physician, give a brief 
trial to some plant walks and see if they do not pay off truly big dividends. 

I believe, if such a program is inaugurated, that you will find that both 
employees and management will feel that you are a better playing member on their 
team, and you will be in an ideal position to discuss any industrial medical problems 
that may arise in the future. 

Before closing, I should like to reemphasize a point | made earlier—that neither 
the industrial physician nor the private physician should accept any employee's 
story 100%. Frequently, an employee’s impressions as to what may have been said 
by either physician in controversial cases is distorted, or he may have submitted only 
part of the story. In the event of a difference of medical opinion, it is suggested 
that a friendly telephone call or conference between the two physicians take place. 
Usually this readily solves the problem and ends happily for all concerned. 

Actually the general practitioners take care of 70 to 80% of all employed persons, 
and, in reality, | am merely suggesting that you cooperate more completely with 
your colleagues who carry on most of the industrial medical service given in this 
country. Knowing each other well is most beneficial, and better understanding of 
each other’s problems and objectives will go a long way to further the best interests 
of the entire medical profession and the community. 
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EXPERIMENTAL STUDIES ON CANCERIGENESIS OF SYNTHETIC 
LIQUID FUELS AND PETROLEUM SUBSTITUTES 


W. C. HUEPER, M.D. 
BETHESDA, MD. 


CONOMICAL and political developments of the last decade have demonstrated 
the need for increased efforts in exploring methods for the commercial produc- 
tion of petroleum substitutes through the retorting of oil shale and the hydrogenation 
of coal, i. e., raw products available in this country in abundant amounts. 
Numerous clinical and experimental observations attested the fact that crude as 
well as certain processed shale oils produced and used in Great Britain for many 
decades possess considerable cancerigenic properties.' No reliable information on 
this point, on the other hand, exists in regard to any cancer hazards connected with 
the manufacture and industrial consumption of the synthetic oils generated for some 
20 years in Germany by the direct hydrogenation (Bergius) or the primary 
gasification and secondary hydrogenation (Fischer-Tropsch) of coal. Since 
the Bureau of Mines, Department of the Interior, and more recently, several private 
concerns have become actively engaged in such operations, the present investigations 
were undertaken in cooperation with the Bureau of Mines for determining possible 
cancer hazards to producers and consumers of these synthetic fuels and related 
hydrocarbon chemicals. 
I. AMERICAN SHALE OILS 
1. TECHNOLOGICAL Data 
The Green River oil shale irom which the oils tested were obtained through the 
courtesy of the Demonstration Plant of the Bureau of Mines at Rifle, Colo., and of 
the Petroleum and Oil-Shale Station of the Bureau of Mines at Laramie, Wyo., 
forms a part of the enormous oil-shale beds extending through Colorado, Utah, and 
Wyoming. The oil shale is of light grayish to deep grayish-brown or greenish or 
reddish-brown color and exhibits a distinct striated structure. Scattered through 
this rock are occasional small pockets filled with a dark brown viscous liquid which 
can be extracted from the crushed rock by treatment with hot benzene, i. e., without 
the direct application of heat. The great bulk of the oily matter, however, is obtained 
when the crushed oil shale is heated in retorts to about 900 to 1,000 F., whereby the 
carbonaceous matter (“kerogen’’) is converted by a cracking process into volatilized 


Dr. Hueper is chief of the Environmental Cancer Section, National Cancer Institute, 
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1. (a) Hueper, W. C.: Occupational Tumors and Allied Diseases, Springfield, Ill., Charles 
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hydrocarbons condensing upon cooling to a highly viscous black tarry matter.? 
Since crude shale oil is so viscous that it cannot be pumped through pipe lines, it 
is subjected to a mild cracking operation, called vis-breaking, by which it is made 
more liquid. The shale oil then is fractionated by thermodistillation into fractions 
of various boiling ranges, extending from the residual high-boiling bunker fuel oils 
to the low-boiling gasoline. A flow sheet of shale-oil manufacture and processing is 
contained in the paper of Egloff and associates.*4 

Exposure to the native oil present in the oil shale by skin contact and inhalation 
of oil-shale dust exists for miners, truckers, crushers, and workers engaged in the 
screening, conveying, and storing of oil shale before it is processed. Cutaneous and 
respiratory exposure to crude and processed shale oils in the form of liquid, mist, 
and fume.prevails to varying degrees for members of the producer group (retort 
workers, still operators, repair and maintenance men, paraffin producers, oil storage 
workers, yard workers, laboratory technicians) as well as workers in consumer 
industries (oil truck drivers, mechanics, engineers, textile workers, optical lens 
grinders, gunsmiths, etc.). 

Observations made on Scottish shale oils showed that only certain types of crude 
and processed oils possessed carcinogenic properties. Berenblum and Schoental * 
demonstrated 3,4-benzpyrene in blue shale oil and found this chemical absent in 
the noncarcinogenic native shale oil extracted from oil shale by hot chloroform. 
However, the existence of other still unidentified carcinogens in shale oils is indi- 
cated by the fact that a fraction with strong carcinogenic activity for mice did not 
give any fluorometric evidence of 3,4-benzpyrene. Smith, Sunderland, and Sugiura * 
recently noted that American shale oils tested on a small series of mice possess a 
carcinogenic activity of low order. The fraction distilled up to 550 F. was negative. 
The carcinogenic material was contained in the fraction coming over between 550 
and 700 F., while the higher boiling fraction which had the highest carcinogenic 
activity among the catalytically cracked petroleum oils was negative. 


2. EXPERIMENTAL PROCEDURES 


In view of the fact that no information existed as to the carcinogenicity of 
American shale oils at the time the experiments were started and considering that 
no reliable predictions as to the existence or absence of such qualities in the various 
fractions could be made on purely physicochemical grounds, a series of 12 fractions 
covering the entire boiling range of the shale-oil distillates were investigated. 


Fraction 1: Benzene extract of oil shale extracted at boiling temperature of benzene and 
concentrated under vacuum is a deep black material of semisolid consistency at room temperature. 


2. (a) Hull, W. Q.; Guthrie, B., and Sipprelle, E. M.: Liquid Fuels from Oil Shale, Indust. 
& Engin. Chem. 43:2-15, 1951. (b) Thorne, H. M.: Oil from Shale, Scient. Am. (No. 2) 186: 
15-19, 1952. (c) Lankford, J. D., and Morris, B.: Refinery of Colorado Shale Oil, in Sell, G.: 
Oil Shale and Cannel Coal, London, the Institute of Petroleum, Vol. 2, pp. 500-532, 1951. 
(d) Egloff, G.; Walter, J. F.; Grote, H. W., and Davis, R. F.: Cracking Colorado Shale Oil, 
in Sell, G.: Oil Shale and Cannel Coal, London, the Institute of Petroleum, Vol. 2, pp. 533- 
561, 1951. 

3. Berenblum, I., and Schoental, R.: Carcinogenic Constituents of Shale Oil, Brit. J. 
Exper. Path. 24:232-239, 1943; The Difference in Carcinogenicity Between Shale Oil and Shale, 
ibid. 25:95-96, 1944. 

4. Smith, W. E.; Sunderland, D. A., and Sugiura, K.: Experimental Analysis of the 
Carcinogenic Activity of Certain Petroleum Products, A. M. A. Arch. Indust. Hyg. 4:299- 
314, 1951. 
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Fraction 2: Crude shale oil obtained in the Nevada-Texas-Utah (N-T-U) retort at tempera- 
ture of 1,000 to 1,500 F. is of soft solid consistency. 

Fraction 3: Crude shale oil obtained in the modified Fischer assay retort at temperature of 
700 to 1,000 F. is a black and light viscous oily material. 

Fraction 4: Bunker oil, and industrial fuel oil representing residuum from the vis-breaking 
run and obtained at temperatures up to 700 F., is a black semisoft tarry matter. 

Fraction 5: Heavy shale oil obtained at temperatures up to 900 F. (straight run of heavy 
gas oil from topping run) is a highly viscous black material. 

Fraction 6: Light distillate of shale oil obtained at temperatures up to 580 F. (straight 
run of light Diesel oil from topping operation) is a black, light viscous liquid. 

Fraction 7: Tar acids representing sprung tar acids from vis-broken Diesel fuel are a 
black highly viscous material.5 

Fraction 8: Tar bases representing sprung tar bases from vis-broken Diesel fuel are a black 
light viscous liquid. 

Fraction 9: Nonpurified gasoline distillate from crude shale oil distilling at up to 400 F. 
is a black liquid. 

Fraction 10: Nonpurified gascline fraction with high octane content (cracking product) is 
a black, light liquid. 

Fraction 11: High-nitrogen oil fraction represents approximately 45% of the original 
heavy gas oil (N-T-U) (cracking stock) from which approximately 55% of essentially nitrogen- 
free material (low-nitrogen fraction) was removed by eluting gas oil adsorbed on Florisil 
(a synthetic magnesium silicate) with pentane, leaving the high-nitrogen fraction which then 
was eluted with methanol. It is a black material having the consistency of molasses. 

Fraction 12: High-aromatic fraction of N-T-U heavy gas oil is obtained from the low- 
nitrogen fraction by adsorption on silica gel, followed by an initial elution of paraffins, cyclo- 
paraffins, and olefins by pentane and a secondary desorption of the aromatic hydrocarbon fraction 
by methanol. The fraction contains in addition to aromatic hydrocarbons, some sulfur and 
oxygen compounds and is a black highly viscous material. 

For the bioassay of the 12 fractions by repeated skin applications, 3-month-old Strain A 
albino mice, congenitally hairless mice, and C57 black mice were used. During the first six 
months of the experiment the weekly applications were made in a dilution of 1 : 10 in xylene. 
For the next six months xylene was replaced by ethyl ether in a dilution of 40% by weight of 
shale-oil fraction to 60% of ether. The administrations were discontinued after one year, 
and the survivors remaining after 20 months were killed. 

All fractions were intramuscularly injected into Strain A mice. In addition, Fractions 11 
and 12 also were injected into the thigh muscle of albino rats (Wistar strain) once a month 
for three successive months. The individual dose consisted of 0.1 cc. of the oil dissolved in 0.2 
cc. of hydrous wool fat. 

Necropsies were performed on all animals which died or were killed. The tissues and 
organs of about 50% of the animals of each set were studied histologically to determine local 
reactions at the site of application as well as systemic manifestations remote from the place 
of primary contact. 

3. EXPERIMENTAL OBSERVATIONS 


The results of the experiments are presented in a summarized form in a series 
of tables and arranged according to sites at which tumor formation was observed. 

A. Skin Applications —The observations on skin tumors are listed in Table 1. 

From the evidence available on the occurrence and incidence of cancers of the 
skin (cornifying or noncornifying squamous cell carcinomas) in Strains A and C57 
mice painted for up to one year with the various shale-oil fractions, it appears that 
crude shale oil boiling above 1,000 F. (Fraction 2) is markedly carcinogenic to the 
skin of mice (21% cancer incidence), (Fig. 1), and that this property is possessed 


5. Thorne, H. M.; Murphy, W. I. R.; Stanfield, K. E.; Ball, J. S., and Horne, J. W.: 
Green River Oil Shales and Products, in Sell, G.: Oil Shale and Cannel Coal, London, The 
Institute of Petroleum, Vol. 2, pp. 301-344, 1951. 
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TasLe 1—Skin Tumors in Mice After Application of American Shale-Oil Fractions 


No. of Tumors 
Total Eight- Incidence * 
Mouse No.of Month Papil- Carei- 
Fraction Strain Mice Survivors loma noma Tumor Cancer 


Benzene extract A 100 é 1 0 1/65 
Hairless 25 


~ 
= 


Crude oil 1,000 F.+ 


om 


1/38 
4/19 


2/45 


1/26 
1/45 
3/41 
1/54 
0/29 
0/43 
0/37 
0/25 
2/49 


C57 % 
Crude oil 700 F.+ 


A 
Hairless 


Bunker oil up to 700 F 


Heavy oil up to 1,000 F 
Light oil up to 580 F 
Tar acids 


cor Nn 
ocr oo 


Tar bases 


Gasoline up to 400 F 
Gasoline—high octane 0/61 
High-nitrogen oil 0/16 
High-aromatie oil 0/18 
Control 0 0/42 


— 


* Tumor incidence and cancer incidence were calculated from the ratio of tumor (papilloma and carcinoma 
eases of the skin) and carcinoma cases of the skin, respectively, to the number of mice surviving for more 
than eight months, since the minimum latent period of skin-tumor development was nine months. 


+ The usually multiple papillomatous projections in hairless mice were not fibroepitheliomas but angio- 
epitheliomas causally not related to contact with oils. 


Fig. 1—Typical cornified squamous-cell carcinomas of the skin of the back in C57 black 
mice painted with crude shale oil. 
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Fig. 2.—Epidermal carcinoma composed of irregularly round and spindle cells presenting a 
sarcomatoid structure in which cornified pearls are scattered. Strain A mouse painted with 
crude shale oil boiling above 700 F. 


Fig. 3.—Epidermal carcinoma of irregularly round cellular components with scattered 
squamous-cell nests in a mouse receiving cutaneous applications of heavy shale oil boiling up to 


1000 F. 
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to a distinctly lower degree by crude shale oil boiling above 700 F. (4.4% cancer 
incidence ), as shown in Figure 2, and by the heavy shale oil distillate boiling up to 
1,000 F. (2.2% cancer incidence), as shown in Figure 3. All other fractions proved 
to be noncarcinogenic to the skin of mice under the experimental conditions used. 
It remains doubtful, however, whether or not the application of some of the frac- 
tions ® played a direct or indirect role in the development or in the presence of 
squamous-, round-, or spindle-cell carcinomas of several subcutaneously located 
cystic or solid and, in part, hemorrhagic lesions possibly derived from mammary 
duct cysts, mammary glands, or prolapsed rectal mucosa. 

B. Intramuscular Injections —The second method chosen for testing the possible 
carcinogenic potency of the various shale-oil fractions at the site of primary contact 
was the intramuscular injection. The results obtained with this approach are sum- 
marized in Table 2. 


Tas_e 2.—Tumor Reactions in the Thigh of Mice and Rats After Intramuscular Injection 
of Shale-Oil Fractions 


No. of 


Ten- 
Total Month 
No. of Sur- No. of Ineidence 
Fraction Species Animals vivors Cancers Cancer 
Crude oil 1000 F.+...... Mouse—Strain / 27 27 
Bunker oil up to 700 F Mouse—Strain - ji 
Heavy oil up to 1000 F Mouse—Strain ¢ 
Light oil up to 500 F Mouse—Strain 
Tar bases Mouse—Strain 


Gasoline up to 400 F 
Gasoline—high oetane 
High-nitrogen oil 


Mouse—Strain 


Mouse—Strain 
Mouse—Strain 


eer ee 


Rat—Wistar 


Mouse—Strain 
Rat— Wistar 
Control Mouse—Strain 


Only 1 mouse (injected with Fraction 4) out of 274 mice injected with the vari- 
ous fractions and 1 of 25 rats (injected with Fraction 11), both surviving more 
than 10 months, showed cancers at the site of application. Both tumors contained 
spindle-cell sarcomatous tissue which in the mouse was associated with squamous- 
cell elements (Fig. 4). There were found in addition a total of four subcutaneously 
located squamous-cell carcinomas apparently originating from milk ducts in mice 
injected with Fractions 2, 8, and 9, respectively, as well as two large round-cell 
sarcomas involving the liver and peritoneal and mediastinal lymph nodes in one rat 
and an adenocarcinoma of the ovary in a second rat injected with Fraction 12. 

While the two cancers involving the tissues of the thigh are apparently attribut- 
able to the shale-oil fractions * deposited, it is unlikely that the other cancers have 


6. (a) Hueper.1@ (b) Egloff and others.24 (c) Thorne and others.5 (d) Hieger, I., and 
Woodhouse, D. L.: The Value of the Rabbit for Carcinogenicity Tests on Petroleum Fractions, 
Brit. J. Cancer 6:293-299, 1952. 

7. (a) Thorne.2® (b) Brandt, R., and Dexter, H.: Some Investigative Studies on the Use 
of Colorado Shale Oil in Dermatological Therapy: Preliminary Report, J. Invest Dermat. 
15: 163-164, 1950. 
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any etiologic relation to the material adminstered. The results obtained thus again 
indicate the relatively weak carcinogenic potency of the American shale oils tested. 

Various other tumors (8 mammary cancers, 18 pulmonary adenomas and carci- 
nomas, and 30 leukemias) observed among the 1,370 mice used in this study are of 
no direct significance to the problem under investigation, because such neoplasms 
occur “spontaneously” among the mice belonging to Strain A. 


CoMMENT 


The observations reported confirm in a general way the statement of Smith, 
Sunderland, and Sugiura * concerning the low carcinogenic potency of American 


ses 


Fig. 4.—Round-cell sarcoma invading the muscle of the thigh of a rat injected with a 
bunker oil boiling up to 700 F 


shale oils. However, the present findings do not support these investigators as to 
the noncarcinogenicity of shale oils boiling above 700 C. The two shale oils with 
definitely carcinogenic properties (Fractions 2 and 3) as well as the oil with doubt- 
ful carcinogenic potency (Fraction 5) have a boiling point above 700 F., while all 
noncarcinogenic fractions were of lower boiling range. The occurrence of a single 
cancer at the site of an intramuscular injection in one mouse given Fraction 4 and 
in one rat receiving Fraction 11 may suggest that carcinogenic properties may be 
present in these fractions which proved noncarcinogenic upon cutaneous application. 
Additional positive evidence might have perhaps been obtained if other species, 
especially rabbits, could have been used in testing. This possibility deserves serious 
consideration in view of the recent observations on the species-specific carcinogenic 
qualities for mice and rabbits of various petroleum oils made by Hieger and Wood- 
house “ and previous ones reported by Berenblum,’ using coal-tar fractions. 
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At the present time the conclusion is justified that prolonged cutaneous or 
respiratory contact with crude shale oil and shale oils containing constituents boiling 
above 700 F. should be avoided for possible delayed carcinogenic effects upon the 
exposed skin or lung. This rule applies not only to persons having occupational 
exposure to these fractions but also to patients to whose skin such materials might 
be applied for medicinal reasons.’ 

Whether or not oil obtained by direct extraction of oil shale with boiling benzene 
(Fraction 1) possesses carcinogenic properties is uncertain in view of the doubtful 
experimental evidence obtained resembling that recently obtained for several natural 
petroleums by Hieger and Woodhouse. 


II, BERGIUS OILS 
1. TECHNOLOGICAL Data 

In the Bergius process, coal is separated, ground, pasted by the addition of coal- 
tar oil, petroleum oil, or synthetic coal oil, and hydrogenated in the presence of a 
metal catalyst under high pressure (8,000 to 9,000 Ib. [3,600 to 4,000 kg.] per 
square inch) and at temperatures of 800 to 900 F. The resulting black viscous tarry 
product, when obtained at the experimental operation of the Bureau of Mines at 
Bruceton, Pa., is divided by centrifugation into three fractions : centrifuge residue, a 
somewhat greasy semisolid material containing, in addition to hydrocarbons, coal 
and mineral ash; “heavy oil,” a moderately viscous black oil of benzene-soluble 
hydrocarbons, and “light oil” (tar acids and tar bases), a black oily liquid of low 
viscosity." These three basic products are then subjected to additional processing 
(hydrogenation, distillation, fractionation ) to yield gasoline, naphtha, and middle oil. 
The annual report of the Bureau of Mines, 1952, brings a simplified flow diagram 
of the liquid and vapor phases of hydrogenation.* 

The three basic oils tested were obtained from the experimental operation at 
Bruceton and thus may not entirely be identical with those subsequently produced 
at the large pilot plant located at Louisiana, Mo. The present limited study of 
Bergius oils reported here is therefore of a preliminary and exploratory nature and 
was made to provide as early as possible information which might be used for the 
protection of the producers and consumers of these oils manufactured under condi- 
tions favoring the development of carcinogenic aromatic hydrocarbons. 


2. EXPERIMENTAL PROCEDURES 


For cutaneous administrations, heavy and light Bergius oils were diluted with equal parts 
of ethyl ether and applied once a week for up to 15 months to the interscapular region of 
Strain A mice. From the pasty “centrifuge residue” a benzene extract was prepared. After 
removal of the benzene in vacuo, the remaining black medium viscous condensate was used like 
the oils. In a special experiment this condensate and the “heavy oil” were applied for a total 
of 14 months to the skin of C57 black mice in concentrations of 100%, 25%, and 10%, ethyl 
ether being the diluent. 


The three fractions were also injected once a month for three months into the thigh 
muscle of Strain A mice and Wistar rats. The individual dose for mice was 0.1 cc. of the 
oil in 0.2 cc. of wool fat, while that for the rats was 0.05 cc. of the oil in 0.25 cc. of wool fat. 
The last survivors of this experiment were killed at the end of 22 months. 


8. Synthetic Liquid Fuels, Pt. 1, Oil From Coal, Annual Report, U. S. Department of the 
Interior, Bureau of Mines, 1952. 
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The two routes of administration were chosen, because producers and consumers may not 
only have skin contact with these oils but may also receive by accident parenterally such materials 
(Diesel jet and grease gun injuries). This limited methodological approach is extended 
to exposures to oil mists and fumes and to ingestion of food contaminated with the various 
fractions obtained by regular large-scale production procedures and covering the entire boiling 
range of these products from coke to gasoline. 

Postmortem examinations were performed on all animals which died or were killed, with 
the exception of a few which were destroyed by cannibalism. Histologic examinations of the 
skin, of the tissues of the thigh, and of the organs of the chest and abdomen were made in all 
cases, revealing on gross examination significant pathologic lesions. This group included 
about 50% of the mice and 75% of the rats. 


3. EXPERIMENTAL OBSERVATIONS 


A. Skin Applications —In both series of mice (Strains A and C57) there devel- 
oped loss of hair, dryness, and scaliness of the painted skin some two to three months 
after the start of the experiment. The first papillomatous excrescences were 
observed during the fifth month in the centrifuge-residue-extract series and during 
the ninth month in the heavy- and light-oil series. Subsequently appearing cancers 
were either warty growths or shallow ulcerative lesions with elevated and indurated 
edges. The various neoplastic reactions found with the different fractions and among 
the two strains of mice used are summarized in Tables 3, 4, and 5. The papilloma- 
tous cornified horns and warty and ulcerated cancers were especially large in the 
C57 mice. The horns were as high as 3 cm. and measured at least 1 cm. in width 
at the base, while the cancerous proliferations had a diameter of up to 3 cm. 

The observations recorded indicate that all three fractions tested by repeated 
applications to the skin of mice of Strains A and C57 were definitely carcinogenic. 
The carcinogenic potency of the centrifuge-residue extract and of the heavy-oil 
fraction was high, while that of the light oil was comparatively of moderate degree. 
The progressive dilution of the centrifuge-residue extract and of the heavy oil with 
ethyl ether (100, 25, and 10% of the oils) resulted in a corresponding reduction in 
the number of cancerous reactions in the series of mice painted with the diluted 
oils, although there occurred only a minor drop in the total number of tumors 
(papillomas and carcinomas) with increasing dilution of the oils. This observation 
suggests that the lowered intensity of exposure associated with the use of diluted 
oils mainly caused a lengthening of the latent period of cancer formation but not of 
that of papilloma formation. 

The development, appearance, and histologic structure of the precancerous, 
pericancerous, papillomatous, and cancerous reactions observed were, in general, 
identical with those previously seen in mice painted with shale oil or reported by 
other investigators after the cutaneous application of petroleum oils and coal tars 
(Fig. 5). Multicentric tumor formation of both benign and/or malignant tumors 
in the painted skin was not infrequently noted. There was, moreover, some evi- 


9. Hepp, J.: Finger Wounds from Oil Jets Under High Pressure, Arch. mal. profess. 
2:565-573, 1940. Hughes, J. E.: Penetration of Tissue by Diesel Oil Under Pressure, 
J. A. M. A. 116:2848-2849, 1941. (See also Williams, H. B.: Hazard of Diesel Engine Oil 
Under Pressure, Correspondence, J. A. M. A. 117:386, 1941, referring to Hughes’s article.) 
Mason, M. L., and Queen, F. B.: Grease Gun Injuries to Hand: Pathology and Treatment of 
Injuries (Oleomas) Following Injection of Grease Under High Pressure, Quart. Bull. North- 
western Univ. M. School 15:122-132, 1941. Byrne, J. J.: Grease Gun Injuries, J. A. M. A. 
125: 405-407, 1944. 
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Tas_e 3.—Death Distribution and Neoplastic Reactions Among Strains A and C57 Black Mice After 
Repeated Cutaneous Applications of Condensate of Centrifuge Residue Extract 


Months Incidence 

Fraction Strain - 5-6 7-8 9-10 11-12 13-14 15-16 Total Tumor % Cancer % 
Centrifuge residue 


€ 
A 23 11 ‘ 100 
Skin, papilloma 
Skin, carcinoma 
Lung, adenoma 
Leukemia 


Skin, papilloma............ 
Skin, carcinom:............ 


Death 


Skin, papilloma 
Skin, carcinoma 


Skin, papilloma 
Skin, carcinoma 


Taste 4.—Death Distribution and Neoplastic Reactions Among Strains A and C57 Black Mice After 
Repeated Cutaneous Applications of Heavy Hydrogenated Coal Oil 


Months Incidence 
Reaction - 5460 7-8 910 11-12 13-14 15-16 Total Tumor % Cancer % 


Fraction Strain 
Heavy oil 


Skin, papilloma 
Skin, carcinoma 
Lung, adenoma 


Skin, papilloma 
Skin, carcinoma 


Skin, papilloma 
Skin, carcinoma 


Skin, papilloma 
Skin, carcinoma............ 


TaBLe 5.—Death Distribution and Neoplastic Reactions Among Strain A Mice After Repeated Cutaneous 
Applications of Light Hydrogenated Coal Oil 


Months Incidence 


Fraction Strain Reaction 9-10 11-12 13-14 15-16 Total “Tumor % Caneer % 
Light oil 

37 100 
Skin, papilloma Pe" 5 11 
Skin, carcinoma al ae 1 
Pulmonary adenoma 
Leukemia 


Ethyl ether 
Control 


Skin, papilloma 
Skin, carcinoma 


1 5 8/22 36 5/22 

= 
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Fig. 5—.A4, diffuse infiltration of the subcutaneous connective tissue by rather large oval- 
and spindle-shaped carcinoma cells in a mouse; Bergius oil, centrifuge residue. B, spindle- 
cell sarcoma portion of a collision tumor infiltrating the muscle tissue of the back of a mouse; 
Bergius oil, “heavy oil.” 
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dence indicating that the cancers produced by the centrifuge-residue extract and the 
heavy oil were histologically of a more anaplastic appearance than the cancers found 
among mice which received applications of the various shale-oil fractions. In several 
mice, the cancers were apparently collision tumors consisting of epidermal carcino- 
mas and subcutaneous spindle-cell sarcomas, attesting the transepidermal penetrat- 
ing effect of the oils. 

The occurrence of pulmonary adenomas and leukemias was restricted to mice 
of Strain A. None of such lesions was found among C57 black mice. 

B. Intramuscular Injections—The death distribution and neoplastic reactions 
observed among the Strain A mice and rats which received repeated injections of 
the three hydrogenated coal-oil fractions into the right thigh muscle are summarized 
in Table 6. 

The records show that the benzene extract condensate of the centrifuge residue 
produced cancers at the site of injection in 18% of the mice and in 18% of the rats. 
Heavy oil had this effect in 12.5% of the mice and in 21% of the rats, while light oil 
elicited tumors of the thigh in 5% of the mice and in 32% of the rats. 

(a) Mouse Experiment: The minimal latent period of the six tumors wh’ch 
developed in the thigh of mice injected with the different oils was 16 months. : 
largest one of these neoplasms measured*3 cm. in diameter. The smallest tumo. 
were discovered only upon histologic examination of the multicystic formations 
located in the muscle tissue of the thigh and containing injected matter. 

Two of the tumors were undifferentiated spindle-cell sarcomas ; two were myo- 
blastic spindle-cell sarcomas ; one was a hemangiosarcoma, and one was an imma- 
ture epidermoid carcinoma composed of spindle and round epithelial cells. Pul- 
monary metastases were formed by the two spindle-cell sarcomas and the carci- 
noma. The hemangiosarcoma produced a large secondary growth in the liver, 
which measured 1 cm. in diameter and protruded as a polypous formation above the 
hepatic surface. The tumor consisted of a dense spindle-cell matrix surrounding 
blood-filled meshes or groups or clusters of liver cells or forming strands between 
masses of hyaline matter (Fig. 6). 

Among the tumors located remote from the site of injection, the hepatoma was 
composed of subcapsularly located irregular strands of hyperchromatic liver cells 
indistinctly demarcated from the surrounding liver tissue. The cancer of the 
stomach projected as a papillary mass from the squamous-cell portion of the stomach 
was attached to the outer wall of the stomach and loosely to the spleen and the liver. 
The tumor was a cornifying squamous-cell carcinoma invading the muscularis. It is 
uncertain whether the hepatoma and the gastric cancer have any causal relations to 
the oil injected. 

The numerous pulmonary adenomas and the leukemia were of the type commonly 
seen in Strain A mice and evidently were of the “spontaneous” variety. 


(b) Rat Experiment: The minimal latent period of the 13 sarcomas of the thigh 
in rats was 12 months, although with the exception of one, all the others did not 
become noticeable before 16 months had elapsed after the injection of the three 
fractions. The results obtained in all three series demonstrate the carcinogenic action 
of the three fractions. 
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Fig. 6—A, myoblastic sarcoma of the thigh of a mouse; Bergius oil, centrifuge residue. 
B, large spindle-cell sarcoma metastasis in the lung of a primary sarcoma of the thigh of a 
mouse; Bergius oil, “heavy oil.” 
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Fig. 7.—A, anaplastic sarcomas of the thigh of a rat, with numerous giant cells possessing 
hyperchromatic highly atypical nuclei or nuclear fragments; Bergius oil, “light oil.” B, osteo- 
genic sarcoma of the femur of a rat; Bergius oil, “heavy oil.” 
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The tumors of the thigh were, as a rule, attached to the femur but were separated 
from the skin by a capsule. They were indistinctly demarcated from the surrounding 
muscle tissue and occasionally invaded the abdominal cavity. White medullary 
metastatic masses involving the lungs were found in four cases, while the mediastinal 
lymph nodes were also involved in one of the cases. All medullary tumors con- 
sisted of densely packed and irregularly arranged bundles and strands of slender 
and small or plump and large spindle cells with large hyperchromatic nuclei. Two 
hard ossified tumors were composed of slender spindle cells embedded in a fibrous 
stroma which contained abundant amounts of trabecular osseous, osteoid, and carti- 
laginous tissue (Fig. 7). 

A spindle-cell sarcoma involving the retroperitoneal lymph nodes, liver, and 
pancreas was present in a 14th rat. It is doubtful whether this sarcoma was caused 
by the seepage of the injected centrifuge residue into the retroperitoneal space. 

It may be mentioned, moreover, that one rat injected with “heavy oil” had a 
hemangioma of the spleen, while adenofibromas of the breast were found in 11 rats. 


COMMENT 
The observations reported indicate that cutaneous as well as parenteral exposure 
to the centrifuge residue, heavy oil, and light oil produced through a direct hydro- 
genation of coal by the Bergius method results among mice and rats in the produc- 
tion of cancers, carcinomas, and sarcomas at the site of administration. The carci- 
nogenic potency of these three fractions decreases from the highly carcinogenic 
pasty centrifuge residue to the moderately carcinogenic and rather mildly viscous 


light oil. From similar findings made with carcinogenic coal tars and petroleum 
oils, it may be concluded that the Bergius oils are also carcinogenic to man. It can 
be expected therefore that both producers and consumers of these coal hydrogenates 
may run a definite cancer hazard, if they are not properly protected against contact 
to the skin or by inhalation with thesé products in the form of pastes, greases, 
liquids, fumes, or mists. 


Although the experimental procedures provided positive evidence only as to the 
effectiveness of cutaneous, percutaneous, and subcutaneous contact in causing the 
formation of cancers at the site of administration of the oils, the reported excessive 
liability of gas-retort workers and coke-oven attendants to cancer of the lung sug- 
gests that the inhalation of fumes and mists of these Bergius oils might have a 
similar effect. 

III, FISCHER-TROPSCH OILS 
1, TECHNOLOGICAL Data 

In the Fischer-Tropsch process of hydrocarbon production, coal is first gasified 
by oxidation into CO when being in a superheated (1000 F.) steam suspension. 
The CO is subsequently exposed in the presence of a metal catalyst to hydrogen for 
hydrogenation, producing a mixture of hydrocarbons and oxygenated compounds 
of various molecular weights. The synthesis reaction of the Fischer-Tropsch process 
thus gives rise to oil-soluble substances contained in the oil steam and to water- 
soluble oxygenated compounds (alcohols, acids, esters, ketones) carried in the 
water stream. A flow sheet of this process is included in the annual report of the 
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Bureau of Mines, 1952.8 Since the pilot plant of the Bureau of Mines located at 
Louisiana, Mo., was not yet in operation at the time these experiments were started, 
three basic products of the experimental station at Bruceton, Pa., were obtained 
for this exploratory investigation. 

The following three substances were tested on mice by repeated cutaneous 
application and by intramuscular injections : 

1. Reaction water, run 19-B: This represents the liquor containing the water- 
soluble products. It has the consistency of water, having an orange-amber color 
and exhibiting a slight cloudiness. A small amount of powdery orange sediment is 
present. 

2. Light oil, run 19-B: This material also has the consistency of water colored 
a light yellow amber and showing a very slight turbidity. 

3. Heavy oil, run 19-B: This is a dark cream-colored oily opaque material 
having the consistency of homogenized peanut butter. 


2. EXPERIMENTAL PROCEDURES 


Mice of Strains A, C, and C57 black between 2 to 3 months of age were used in these 
experiments. There were 125 mice in each group receiving once weekly applications to the skin 
from a micropipette. The heavy-oil fraction was diluted for this purpose at a ratio of 1 gm. 
of oil to 2 gm. of ethyl ether. The light oil was given undiluted, and the reaction water was 
diluted 1:4 with water so as to reduce its toxicity. For the testing of these substances by 
intramuscular routes, injections were made into the right thigh muscle in three series of 30 mice 
each. Condensates prepared from benzene extracts of the three fractions were employed for 
this purpose. Injections were made at monthly intervals, and a total of three injections was 
given. The individual dose consisted of 0.01 cc. of the condensate in 0.2 cc. of wool fat. The 
condensates were prepared under the assumption that through this procedure a concentration of 
carcinogenically active material might be obtained, and some of the purely irritative toxic 
substances might be removed. 


3. EXPERIMENTAL OBSERVATIONS 

The death distribution and neoplastic reactions observed among mice painted 
with the three fractions are summarized in Tables 7 and 8. 

Among the neoplastic reactions observed, those involving the breast, lungs, and 
hemapoietic tissues are in all probability not causally related to the applications of 
the fractions but represent so-called “spontaneous” tumors. The single papilloma 
of the skin found among the mice painted with reaction water was small and is, 
because of its singularity, of doubtful significance. The same consideration may 
apply to the only adenocarcinomatous lesion involving the intestine noted among 
the animals painted with light oil and to the glandular proliferations in the renal 
pelvis of a mouse painted with reaction water. The occurrence of four hepatomas, 
one of which is of histologically malignant character, on the other hand, must be 
regarded as a systemic reaction causally related to the heavy oil applied (Fig. 8). 
This conclusion is supported by the fact that most of the livers showed extensive 
necrotic changes, and in one animal cirrhotic lesions were associated with local bile 
duct proliferations. The mice with hepatic reactions were males belonging to 
Strain A. 
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Taste 7.—Death Distribution and Neoplastic Reactions Among Mice Painted With Heavy Oil, Light Oil, 
and Reaction Water 


Months 


Fraction Strain . Reaction - 5-6 ‘8 910 11-12 13-14 15-18 Total 

Reaction water Cc 
C57 


A 


50 


25 


Tumor 
Skin, papilloma 
Breast, cancer 
Lung, adenoma 


Light oil 


Tumor 
Breast, cancer 
Lung, adenoma 
Intestine, cancer 
Leukemia 


Heavy oil 


Tumor 
Hepatoma 
Breast, eancer 
Breast, cancer 


Tasie 8.—Death Distribution and Neoplastic Reactions Among Mice Painted With Heavy 
Oil, Light Oil, and Reaction Water 


Months 
Fraction Reaction 7-8 9-10 11-12 13-14 15-16 ‘17.18 Total 
Reaction water 16 18 6 2 
Skin, papilloma 
Breast, cancer 
Lung, cancer and adenoma 


Light oil 
Breast, cancer 
Lung, cancer and adenoma 
Leukemia 
Intestine, cancer 


Heavy oil 
Breast, cancer 
Liver, hepatoma 


| F 15 4 3 on 9 6 2 50 
C57 M 8 4 3 4 aa 25 
A F 15 5 7 : ee 50 
A M 1 2 ere 1 s 25 
Cc F 18 5 10 10 6 1 a 50 
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Fig. 8—A, hepatoma in a mouse, showing the large irregularly arranged hepatoma cells 
adjacent to normal liver structures; Fischer-Tropsch oil. B, nodular hepatoma in a mouse 
showing in the periphery a delicate pseudocapsule of compressed liver framework and surround- 
ing liver-cell degeneration; Fischer-Tropsch oil. 
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The death distribution and neoplastic reactions observed among the mice which 
were intramuscularly injected with the three fractions are summarized in Tables 
9 and 10. 


The tumors in the lung again are apparently of “spontaneous” origin. The 
occurrence of two hepatomas among the two animals injected with reaction water 


Taste 9.—Death Distribution and Neoplastic Reactions Among Mice Intramuscularly Injected With Heavy 
Oil, Light Oil, and Reaction Water 


Months 


i 

Fraction Strain Reaction - 7-8 9-10 11-12 13-14 15-18 Total 
Reaction water A 2 ie én $ 4 2 5 15 
15 


2 4 2 


Hepatoma 
Hepatoma 
Lung, adenoma 


Light oil 


Hepatoma 
Lung, adenoma 


Heavy oil 


Tumor 
Lung, adenoma 


TaB_e 10.—Death Distribution and Neoplastic Reactions Among Mice Intramusculary Injected 
With Heavy Oil, Light Oil, and Reaction Water 


Months 
= 


Fraction Reaction - +6 7-3 910 11-12 13-14 15-16 17-18 Total 
Reaction water 2 4 2 1 
Liver, hepatoma ° 
Lung, adenoma as és 1 


Light oil Death 5 3 
Liver, hepatoma 
Lung, adenoma 


Heavy oil 


benzene condensate and in one mouse given light oil benzene condensate suggests 
that 4 specific neoplastic action is exerted by some material contained in Fischer- 
Tropkch oils. 

The existence of such a relation is made likely by the fact that necrotic and 
cirrhbtic lesions were frequently seen among animals of Strain A, including those 
with hepatomztous manifestations. The sex distribution of five males to two females 
for the seven animals with hepatomas agrees with the general observation that 
hepatomas of so-called spontaneous origin (Strains C;H, CBA, and C 57) affect 


Tumor 
A M 1 1 1 4 8 15 
1 2 1 1 4 21 30 
Tumor 
A F 1 6 6 15 
12 30 
1 1 
1 1 
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males more frequently than females. The existence of a causal relation between the 
oils administered and the development of hepatomas is suggested, moreover, by tne 
fact that none of the 1,340 Strain A mice used in previously reported shale-oil 
experiments and none of the 390 Strain A mice given various Bergius oils, of 
which 445 survived from 13 to 20 months, showed at autopsy and upon histologic 
examination hepatomatous lesions. The total incidence rate of hepatomas (7) 
among 67 mice surviving a minimal latent period of 10 months for heavy oil and 
17 months for light oil and reaction water, however, is rather low (about 10% ). 


COMMENT 


Since the prolonged and repeated application of Fischer-Tropsch heavy oil, 
light oil, and reaction water to a total of 375 mice resulted in only one small 
papilloma, it can be concluded that these products do not exert a carcinogenic effect 
upon the skin of mice. 

The appearance of hepatomas in animals either painted with heavy oil or given 
intramuscular injections of light oil or reaction water, as well as the frequent presence 
of degenerative and necrotic changes in the livers of these animals sometimes asso- 
ciated with cirrhosis and proliferation of bile ducts, suggests that the absorption of 
some constituents of these fractions may favor the development of liver tumors. 
The general character of these hepatic lesions resembles that seen in mice given 
hepatotoxic and hepatogenic chemicals. 

These observations seem to indicate that the main protective measures should 
be directed toward the prevention of a systemic effect of these oils most likely pro- 
duced by an absorption through the skin or by accidental parenteral introduction. 


CONCLUSION 

Bioassays of 12 fractions of American shale oil for carcinogenic properties by 
prolonged application of these materials to the skin of mice and by repeated intra- 
muscular injection of them into mice and rats showed that crude shale oil and sev- 
eral fractions boiling above 700 F. are carcinogenic to the skin of mice. Their 
potency is of relatively low order. 

Carcinomas as well as sarcomas developed in rats and mice after the repeated 
cutaneous and intramuscular administration of three types of Bergius oils obtained 
by the direct hydrogenation of coal. 

The highest carcinogenic potency was found for the benzene extract condensate 
of the centrifuge residue ; heavy oil was of definite but somewhat lower carcinogenic 
strength, while the light oil exhibited moderate carcinogenic properties. 


Fischer-Tropsch oils when applied cutaneously to mice did not produce carci- 
nomas. However, hepatomas and liver degenerations were not infrequently observed 
in mice given Bergius oils by skin application or intramuscular injection. 


Dr. P. Kotin, Department of Pathology, University of Southern California, assisted in 
conducting some of the experiments. 
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METHYL CHLORIDE INTOXICATION 
Report of Fifteen Cases 


HOWARD HANSEN, M.D. 


N. K. WEAVER, M.D. 
AND 


F. S. VENABLE, M.S. 
BATON ROUGE, LA. 


S"* CE a definitive test for methyl chloride intoxication is lacking,’ the diagnosis 
must be based on the symptomatology and clinical course in patients from whom 
a history of exposure can be elicited. The symptoms may resemble those seen in 
common diseases of viral or bacterial etiology, particularly in less severe degrees of 
intoxication ; ‘this makes the diagnostic problem very difficult, and cases may not be 
recognized by physicians. However, after analyzing our cases and reviewing those 
reported in the medical literature, we feel that the over-all clinical picture is suffi- 
ciently characteristic to suggest the possibility of methyl chloride poisoning and to 
allow diagnosis with considerable certainty when supported by the exposure history. 


Most of the reported cases of methyl chloride intoxication have resulted from 
its use as a refrigerant; the hazard in the refrigeration industry, particularly to 


repairmen and to the unsuspecting occupants of an apartment in which the gas has 
escaped, has long been recognized.*, We are reporting a number of cases seen in a 
synthetic rubber manufacturing plant. Here the exposures resulted from the 
release of methyl chloride gas from an aqueous solution or “slurry.” Two cases 
(1 and 2) were recently observed in mechanical workers who were engaged in 
repairing a unit; these cases are reported in some detail. The other cases (3 to 15) 
are more briefly reported and were observed among process employees several years 
ago when the operating conditions of the then new plant were inadequately con- 
trolled. All these cases were moderately severe intoxications, with symptoms suffi- 
cient to result in time lost from the job, but none of the employees was seriously 
ill or manifested any permanent effects of the illness. 


REPORT OF CASES 


Case 1.—A 29-year-old machinist came to the Medical Department on Sept. 4, 1952, reporting 
that he became sick after “inhaling methyl chloride gas.” He appeared to be in no acute 
distress but complained of nausea, vomiting, dizziness, and generalized weakness. He was given 


From the Medical Department, Esso Standard Oil Company. 

1. Smith, W. W.: The Acute and Chronic Toxicity of Methyl Chloride: III. Hematology 
and Biochemical Studies, J. Indust. Hyg. & Toxicol. 29:185, 1947. 

2. (a) Kegel, A. H.; McNally, W. D., and Pope, A. S.: Methyl Chloride Poisoning from 
Domestic Refrigerators, J.A.M.A. 93:353, 1929. (b) McNally, W. D.: Eight Cases of 
Methyl Chloride Poisoning with Three Deaths, J. Indust. Hyg. & Toxicol. 28:94, 1946. (c) 
Jones, A. M.: Methyl Chloride Poisoning, Quart. J. Med. 11:29, 1942. (d) Barach, A. L.; 
Yaglou, C. P., and McCord, C. P.: Dangers of Methyl Chloride as Substitute for Freon: A 
Statement by the Association’s Committee to Study Air Conditioning, J.A.M.A. 124:94, 1944. 
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symptomatic treatment and sent home. He returned three hours later, complaining of blurred 
vision in addition to the previous symptoms. He was placed in bed and given oxygen 
intermittently during the afternoon, without improvement. His condition was not considered 
alarming, and he was permitted to spend the night at home. Twenty-four hours later he 
appeared mentally dull, confused, and semistuporous, and he evidenced impaired memory for 
recent events. It was noted that although he tried to cooperate it was difficult to hold his 
attention. He responded to questioning but manifested little spontaneity. His speech was 
slurred. Examination revealed optic fundi and cranial nerves normal. The deep tendon 
reflexes were equal bilaterally but hypoactive. The musculature generally appeared hypotonic. 
Sensory examination was negative. On testing the gait, the patient staggered, was quite 
clumsy, and complained of “dizziness” while attempting to walk. Some observers described 
a peculiar odor to the breath. 


The patient was hospitalized for two days and was examined on the third day of his 
illness by a consulting neuropsychiatrist whose findings were completely negative. Slight 
fever (99.4 F.) and a pulse rate of 120 were recorded. Vomiting continued through the 4th 
day of the illness, waves of nausea for 7 days, and anorexia for 10 days; dizziness persisted for 
5 days, and the generalized weakness had largely subsided at the end of a week. On the 
10th day the patient mentioned that his sleep was disturbed by “funny dreams which don't 
seem to make any sense.” When neurologic examination was repeated after recovery, the 
deep tendon reflexes showed a definite increase in activity as compared with the previous test. 
A partial amnesia for events early in the illness persisted. An electrocardiogram was taken 
on the first day of sickness, and an electroencephalogram on the fourth day; both were normal. 
The patient was able to resume his regular) refinery duties on Sept. 13, 1952, completely 
recovered. 


Case 2.—A 35-year-old machinist helper who had the same working assignment as the 
patient of Case 1 became ill with nausea and vomiting the night of Sept. 3 but was able to 
work the next day. His symptoms became worse the night of Sept. 4. When he attempted to 
come to work the following morning, he was observed to stagger by his wife, who insisted 
that he go to bed. He was brought to the Medical Department for examination. The 
patient was drowsy, but after being aroused he was well oriented, mentally clear, and able 
to relate events well. On neurologic examination, the deep tendon reflexes were all 
hypoactive to absent; the optic fundi were normal; the cranial nerves were intact, and the 
remainder of the examination gave negative results except for a clumsy gait with staggering 
which was accentuated on turning; the patient complained of dizziness while walking. An odd 
odor to the breath (“like a mixture of ethyl ether and formaldehyde”) was noted by all 
who examined him at the time. He was hospitalized. The neuropsychiatrist could detect 
no abnormalties other than inactive tendon reflexes. The knee and ankle jerks could not be 
elicited even with reinforcement. The patient continued to have nausea and vomiting inter- 
mittently for two days, dizziness for four days, and some generalized weakness for six days. 
His electrocardiogram and electroencephalogram were normal. On neurologic examination 
after recovery, the knee jerks were present and 1 + active with reinforcement. The employee 
was able to resume his regular duties on Sept. 13, 1952, with no residua of the illness. 

Case 3.—This patient worked in the area of the synthetic rubber plant where the 
conditions of exposure existed in 1943. He became nauseated while carrying on his job 
and reported to the Refinery Hospital where he was found to have a rapid pulse of 116 and 
a temperature of 99.2 F. His symptoms were not attributed to inhalation of methyl chloride 
vapor until several other cases developed to arouse such suspicion. He completed his shift 
and upon arriving home went to bed, thinking he had an attack of “flu.” After four days 
he felt somewhat better and returned to work for two days. He soon again felt dizzy and 
nauseated and experienced very poor muscular control, especially in attempting to walk. He 
reported again to the Refinery Hospital where his symptoms were recognized as due to 
methyl chloride exposure, and he was sent home. He was absent from work for a total of 
18 days, from July 9 to 13 and then from July 15 to 29. 


During these periods, he experienced 
recurrences of the symptoms previously mentioned. 


Case 4.—This patient performed various odd jobs in the plant area mentioned above. He 
became weak and felt dizzy on the job and reported to the Refinery Hospital, where his pulse 
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rate was found to be elevated (116). He was sent home, where he remained for 24 days, from 
July 10 to Aug. 3. During this time he was abnormally sleepy and was confined to bed for 
about two weeks. 


Case 5.—This patient had worked in the area for only six days when he began to feel 
sleepy and experienced much difficulty in walking. He reported to his personal physician for 
treatment, after which he was confined to his home. Later as his symptoms of dizziness and 
poor muscular coordination continued, he again consulted his family physician and was 
hospitalized. He had a low-grade fever (to 99.6 F.) and a tachycardia. The cause of his 
sickness was not determined until several days later when he was visited by the refinery 
physician. He suffered an attack of hiccups which lasted 48 hours, after which he had 
periodic headaches. He was absent for 15 days, from July 12 to 27, and during his initial 
period of internment was very sleepy and found it difficult to speak or read. 

Case 6.—Nausea developed in this patient, and he felt weak while on the job. He 
reported to the Refinery Hospital for treatment and returned to work. The following day 
he experienced weak spells. His temperature was normal, but his pulse rate was over 100. 
He was treated symptomatically and sent home. During the first few days of his off-time 
he slept almost continually. Later, symptoms of dizziness and blurred vision were experienced. 
He was disabled for 14 days, from July 14 to 28. 

Case 7.—This patient became abnormally drowsy while working. He reported to the 
Refinery Hospital on July 15 and after treatment was sent home. He was unable to work 
for 19 days, and during this period he had dizzy spells, stomach disorder, and poor muscular 
control and experienced an attack of hiccups which continued intermittently for 6 days. 

Case 8.—This patient began to feel weak and dizzy and reported to the Refinery Hospital 
on July 14. He was sent home, where he remained for 14 days. He felt drowsy and slept 
almost continually for several days and experienced difficulty in attempting to walk, talk, 
and eat. 

Case 9.—This patient began to feel abnormally sleepy on the job July 14. Upon arriving 
home after work, he slept almost 24 hours. He was found to have a very rapid pulse (to 140) 
but little fever (99.0 to 99.2 F.). He was away from work 17 days. He experienced no 
gastrointestinal symptoms but encountered difficulty in attempting to walk, eat, talk, and read. 
He was subject to nightmares and also found that his taste for coffee was affected so that he 
could not tolerate it. 


Case 10.—This patient had been feeling weak for several days before reporting to the 
Refinery Hospital on July 16. He was sent home and remained there 12 days. During this 
interval he was subject to dizzy spells, indigestion, and blurred vision. 

Case 11.—This patient became ill and thinking that he might be suffering from a mild 
attack of “malaria fever” treated himself and remained home for a day in order to rest. 
After returning to work on July 16, he became dizzy, nauseated, and was troubled with 
blurred vision. He reported to the Refinery Hospital. He was treated and sent home. 
He was disabled for 12 days. He slept most of this time and experienced periodic dizzy spells. 

Case 12.—This patient felt weak and reported July 16 to the Refinery Hospital; his 
temperature was 99.0 F. and his pulse rate 112. He was sent home where he remained for 12 days. 


During this time he slept almost continually and experienced blurred vision and poor muscular 
coordination. 


Case 13.—This patient suffered weakness and blurred vision and reported to the Refinery 
Hospital on July 16. He was sent home and did not return to work for 10 days. During 
this period he was very drowsy, experienced difficulty in walking, but had no gastrointestinal 
disturbances. 


Case 14.—This patient had been feeling weak and dizzy for a few days before coming to 
the Refinery Hospital on July 16. His temperature was 99.2 F., and his pulse rate was 120. 
He was sent home and remained there 10 days. During this time he experienced no pain 
or nausea but felt sleepy and was unable to exercise proper control of his muscles. 

Case 15.—This patient was at home July 15 and reading when he felt dizzy and very 
nervous. He took some proprietary medicine in an attempt to obtain relief. The symptoms 
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returned while he was working on July 16, and he reported to the Refinery Hospital. He was 
disabled at home for 10 days. During this period he was very weak and nervous and 
experienced nightmares. 


INDUSTRIAL HYGIENE SURVEY 


OF WORKING CONDITIONS 


The job assigned the two machinists was that of overhauling the gear box on 
the agitator shaft of a flash drum. On this drum the agitator-shaft extends vertically 
through the bottom of the vessel, and the gear box is located about 8 ft. (2.4 m.) 
above ground level. The sides of the structure are open, but the presence of con- 
siderable piping, columns, pumps, and vessels serves to restrict the natural ventila- 
tion of this area. The ground beneath the gear-box assembly is covered with a 
concrete pad, and adequate drainage of the immediate area is provided by a 12 in. 
(30 cm.) gutter covered with steel grating. 

The water remaining in the drum after the unit shut down amounts to about 
1,750 gal. Methyl chloride is dissolved in the water layer, the amount being deter- 
mined by the water temperature, but about 35 Ib. (16 kg.) of methyl chloride would 
be dissolved in this amount of water at a temperature of 100 F. The water in the 
vessel is usually drained to the nearby open sewer by means of a closed draw-off 
line. On this occasion, however, the water had not been drained from the flash drum 
prior to beginning repairs, but atmospheric pressure existed in the drum and all 
methyl chloride lines leading to the drum had been closed by operating personnel. 
When the packed agitator shaft was loosened, water from the drum ran out the 
agitator shaft opening. For 30 to 45 minutes, water continued to drain out the 
opening, and the machinists did not attempt to perform any work in this immediate 
area but remained some distance away. Following the draining of the vessel, work 
on the gear box was resumed. After the two machinists complained of a “gassy” 
odor in the area, another machinist obtained a 34 in. (2 cm.) air hose which was 
directed toward the agitator shaft. The work continued under these conditions for 
a period of two days. 

It is known that methyl chloride was present in the water which leaked around 
the shaft of the agitator. It can be assumed that concentrations in excess of 500 
ppm would be required to produce the symptoms occurring in the two employees 
affected within the period of time they were exposed, and it is possible that such 
concentrations existed in the vicinity of the spillage. 

The 13 previous cases were probably caused by the following factors: (1) A 
lowering of the operating temperatures and a partial loss of vacuum in certain items 
of operating equipment failed to remove methyl chloride from the process stream ; 
the escape of methyl chloride was recognized and (2) there was poor ventilation 
of the points where methyl chloride was released. After the correction of these 
conditions no further cases of methyl chloride intoxication occurred during the eight 
years of normal operations of the plant. 


COMMENT 


The effects of the inhalation of various concentrations of methyl chloride vapor 
by experimental animals have been extensively investigated.* However, knowledge 


3. (a) Sayers, R. R.; Yant, W. D.; Thomas, B. G. N., and Berger, L. B.: Physiological 
Response Attending Exposure to Vapor of Methyl Bromide, Methyl Chloride, Ethyl Bromide, 
and Ethyl Chloride, Public Health Bulletin 185, United States Treasury Department, United 
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of the mechanism by which its noxious effects are produced is lacking, and it is not 
known whether the toxicity is produced by methyl chloride per se or by methanol, 
formate, or some other metabolic product.* 

Although abnormalities of blood and urine have been reported in most of the 
cases manifesting severe methyl chloride poisoning, it is appreciated that laboratory 
tests may be normal in moderate degrees of intoxication. Jones found no difference 
in values for formates excreted in the urine of normal persons as compared with the 
amounts reported in the urine of methyl chloride victims.** Smith studied changes 
in hemoglobin, cerebrospinal fluid, cholinesterase, formic acid excretion, and blood 
concentrations of acid, base, chloride, glucose, and methyl alcohol and concluded 


that none of the tests applied to poisoned animals would be of use in the diagnosis 
of the condition.’ 


TasLe 1.—Laboratory Data 
(Cases R.C.B. and S.L.N.) 


9/5/52 9/6/52 9/7/52 9/10/52 
Date and Case R.C.B. S.L.N. R.C.B. 8.L.N. RB.C.B. S.L.N. R.C.B. 8.L.N. 
Red cell count (million) i 5.13 4.55 4.77 447 
Hematocrit (%) 
Sediment rate (Wintrobe) (mm./hr.)....... 
White cell count (thousand) 
Differential 
Polymorphonuclear neutrophile leuco- 
eytes 7 
Lymphocytes 
Serum bilirubin (mg.) 


0.016 0.032 0.024 


0.084 0.172 0.19 
Urinalysis 


Specific gravity OU 1.011 


1.29 
Albumin 


1.008 

0 0 
0 0 
0 

0 


25 


0 
0-2 WBC Oce. WBC 


0 

0 

0 
Oce. WBC 


* Photoelectric colorimeter. 
+ Hayden-Hauser hemoglobinometer. 


The clinical laboratory studies conducted for the patients of Cases 1 and 2 are 
shown in Table 1. Tests for the development of anemia, hemolysis, ketonuria, etc., 
were negative or equivocal; there was no appearance of leucocytosis. Eight addi- 
tional patients had studies of the peripheral blood and urinalysis made during the 
height of the illness, the reports being normal. Tests for ketonuria and urinary 
formates were made in the cases of five patients and were negative. 


States Public Health Service, 1929. (b) Smith, W. W., and von Oettingen, W. F.: The Acute 
and Chronic Toxicity of Methyl Chloride: I. Mortality Resulting from Exposures to Methyl 
Chloride in Concentrations of 4,000 to 300 Parts Per Million, J. Indust. Hyg. & Toxicol. 
29:47, 1947. (c) Smith, W. W., and von Oettingen, W. F.: The Acute and Chronic Toxicity 
of Methyl Chloride: II. Symptomatology of Animals Poisoned by Methyl Chloride, J. Indust. 
Hyg. & Toxicol. 29:123, 1947. (d) White, J. L., and Somers, P. P.: The Toxicity of Methyl 
Chloride for Laboratory Animals, J. Indust. Hyg. & Toxicol. 13:273, 1931. 

4. Smith.1 Smith and von Oettingen.*¢ von Oettingen, W. F.: The Halogenated Hydro- 
carbons: Their Toxicity and Potential Dangers, J. Indust. Hyg. & Toxicol. 19:349, 1937. 


| 


HANSEN ET AL—METHYL CHLORIDE INTOXICATION 333 


The principal symptoms experienced by our patients are shown in Table 2. 
Dizziness, weakness, and blurred vision were reported by all 15 patients, and 
muscular incoordination and drowsiness were noted in 14 patients (the latter symp- 
toms were not reported in the case of the 15th patient whose degree of intoxication 
was considered milder than the others). The muscular incoordination was striking 
in most of the patients ; many had an obviously unsteady and staggering gait. Slurred 
speech in talking or reading was also common. Drowsiness, lethargy, and somno- 
lence were noted, particularly during the early stages of the illness; many of the 
patients slept almost continually for 48 hours or longer. Gastrointestinal symptoms 
occurred in 12 of the 15 cases. In several the vomiting was quite protracted, lasting 
four or five days. Hiccuping was sufficiently severe to be recorded in five cases, 
persisting as long as six days. Sleep disturbances which were noteworthy in 11 
cases were prominent during the later stages of the illness. Several patients 


Tas_e 2.—Symptoms of Methyl Chloride Poisoning 


Case Number 


) 


Symptoms 


‘Total 
15 
15 
15 


- 
= 


Blurred vision 

Muscular inecoordination 

Drowsiness 

Gastrointestinal complaints ...... 
Anorexia 


++ 


+t ttt t+ 

++++4++ 


Vomiting 


Other (diarrhea, abdominal 
pain, ete.) 


Sleep disturbances 

Nightmares 

Restlessness 
Mental confusion wae a 
Paresthesias ie + 
Veale - + + 


+ 
+ 
+ 
+ 


++: 
++++ 


required sedation in order to rest at night, and in the case of five patients “nerv- 
ousness” was a late complaint requiring medical attention. Mental confusion was 
reported in nine cases: in one case the patient was described by his personal 
physician as having “some kind of encephalopathy”; in another instance the 
employee's foreman described him as being “dopey, as if under the influence of 
some kind of spirits.” Paresthesias, numbness, and tingling of the extremities 
occurred in six cases. In two cases involuntary muscular twitchings were present ; 
these were unilateral in one patient and generalized in the other. Two patients 
reported a persistent “bad taste” in the mouth; one of these noted that he could 
not tolerate the taste of coffee. One employee complained of substernal oppression 
and dyspnea, and these symptoms occurred separately in two other patients. 
Dysphagia, visual “glare,” and severe periodic headaches were symptoms experi- 
enced separately by three patients. 

Eight of the employees had slight elevations of temperature, ranging from 99.0 
to 99.6 F. Tachycardia, with a rate of over 100, was noted in 11 patients; the 
fastest resting pulse rate recorded was 144. 


+ 
+ 
+ ee 4 
+ + 2 
+ ll 
5 
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SUMMARY AND CONCLUSIONS 


Fifteen cases of methyl chloride poisoning that have occurred in a synthetic 
rubber manufacturing plant are presented, the intoxications resulting from inhala- 
tion of methyl chloride gas released from aqueous solution. The symptoms of the 
affected employees followed a recognizable pattern. Dizziness, weakness, blurred 
vision, muscular incoordination, and drowsiness occurred in all cases; gastro- 
intestinal complaints, sleep disturbances (in the later stages of illness), mental 
confusion, paresthesias, and persistent singultus were other prominent symptoms. 
A staggering gait, tachycardia, and slight elevation of temperature were common 
findings. The employees were disabled for 10 to 30 days, but complete recovery 
occurred in every case. 

The usual clinical laboratory studies were not altered by the degree of intoxi- 
cation observed. Since there is no definitive test for methyl chloride poisoning, 
the diagnosis must be made on the basis of the history of exposure, the subjective 
symptoms, and the physical findings. 


TOXICITY AND HEALTH HAZARDS OF BORON HYDRIDES 


EUGENE H. KRACKOW, B.A. 
CHEMICAL CORPS, UNITED STATES ARMY 


U* DER a Health Hazards Program, the Chemical Corps Medical Laboratories 
are performing toxicological studies to evaluate health hazards incident to the 
handling of relatively new types of chemical compounds. The boron hydrides are 
among some of the chemicals which appear on our list for such studies. 

In this paper, I shall summarize the more recent toxicity results obtained on 
diborane, pentaborane, and decaborane. In addition, comments will be made regard- 
ing detection and protection. 

DIBORANE 


In the case of diborane, acute inhalation experiments performed by exposing 
rats for four hours to concentrations ranging from 45 to 100 ppm indicated that the 
L.C.59 for this period of exposure is approximately 50 ppm. Animals exposed to 
these levels of concentration showed pulmonary edema and pulmonary hemorrhage 
at autopsy. From these results, it is concluded that diborane by a single acute 
exposure presents a relatively high order of toxicity comparable with that of 
phosgene. 

Subacute studies in which rats were exposed repeatedly for six hours per day, 
tive days a week to a concentration of 6 mg./m.* showed pulmonary damage in 
two to three weeks. Here again the effect is on the respiratory tract. 

Chronic studies on diborane are well under way. Rats are being exposed six 
hours a day, five days a week to concentrations of 1 to + mg./m.*, an average con- 
centration of approximately 2.5 mg./m.* (approximately 2 ppm). These animals are 
in the fourth month of exposure, and so far there are no deaths. Significant patho- 
logical pulmonary changes have appeared after one to four weeks of exposure. 
Microscopic tissue studies showed round cell infiltration of the tracheal mucosa. The 
lungs showed pathological changes, varying from simple congestion to organized 
pneumonia. Apparently at these relatively low concentrations, diborane is acting as 
a pulmonary irritant and is increasing the susceptibility to respiratory infections. 
The other organs showed no significant changes other than slight congestion in 
some cases. 

Rats exposed to an average concentration of 2 ppm for a period of one to four 
days (six hours per day) showed no significant changes in the organs examined. 

Pharmacologic Action—Pharmacological studies of diborane were undertaken 
to determine effects on respiration, heart, and blood pressure to establish some basis 

Presented at a Light Metal Hydride Meeting sponsored by the Research and Development 
Board, Committee on Fuels and Lubricants, New York, Sept. 7, 1951. 


The work presented in this report was performed intramurally by members of the 
Chemical Corps Medical Laboratories. Some portions of the study were performed by the 
University of Pittsburgh, Graduate School of Public Health, and by the Medical College of 
Virginia. 
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for therapy. Anesthetized dogs were used in these experiments. One dog exposed 
to 400 mg./m.* of diborane vapors for 15 minutes showed a fall in blood pressure 
five minutes after gassing had started. By this time, chest activity and rate of 
respiration had greatly increased. The electrocardiogram showed a definite brady- 
cardia and an exaggerated T-wave but no other abnormalities. The animal showed 
a typical anoxic death four minutes after exposure. Pulmonary edema was profuse, 
and on microscopic examination the lungs showed severe congestion of the blood 
vessels, with red blood cells and a few white blood cells. 

Several other experiments were performed in which dogs were exposed to lower 
concentrations of diborane. Three dogs gassed at concentrations of 7 to 15 mg./m.* 
from one to four hours showed no effects on blood pressure and only a slight 
increased rate of respiration. The electrocardiograms showed no changes. Three 
dogs gassed at concentrations of 60 to 70 mg./m.* for 15 minutes showed a greater 
increase in rate and depth of respiration. In one of these three animals, there was 
a slight fall in blood pressure (about 15 mm. Hg), and the electrocardiogram 
showed a slowing in heart rate. The other two dogs did not show these effects. 

Autopsies on the animals showed congestion and hemorrhage in the lungs and 
in some cases pulmonary edema. The kidneys showed some damage (casts in the 
tubules). Other organs showed congestion but no other changes. 

In none of the animals was there evidence of bronchoconstriction. 


Therapy.—Several therapeutic measures were tried. For this work an L.C.50 
value for rats was obtained for a 15-minute exposure, and drugs were administered 
to determine the effects on mortality rates of the treated and untreated rats. The 
L.C.59 for untreated rats exposed for 15 minutes was found to be approximately 


175 to 200 mg./m.*. At this range of concentration, most deaths occurred about two 
hours after exposure. The drugs were given 10 minutes prior to exposure, by either 
intramuscular or intraperitoneal injection. Dimercaprol (BAL) and an atropine 
substitute were ineffective. The group of animals treated with atropine, diphenhy- 
dramine hydrochloride (Benadryl), another antihistamine (MC 2710), and pento- 
barbital (Nembutal) showed a slight but insignificant decrease in mortality rate. 

The problem in therapy for diborane appears to be to combat or prevent pul- 
monary edema. 


On the basis of these results, it is concluded that diborane presents a high degree 
of hazard by inhalation from acute, subacute, and chronic aspects. Respiratory 
protection (air-line respirators) must be available for personnel handling diborane 
when there is a possibility of an acute exposure. Adequate ventilation must be pro- 
vided to avoid toxic effects from prolonged and repeated exposures to concentrations 
in excess of 1 to 2 ppm. 

PENTABORANE 


The major portion of the pentaborane toxicology is being performed at the 
University of Pittsburgh. Exposure for four hours to a concentration of about 
5 ppm caused 100% mortality among 10 mice within 24 hours (majority of deaths 
within 4+ hours). The L.C.59 for mice exposed for two hours to pentaborane was 
found to be approximately 37 mg./m.* (14 ppm) for immediate deaths. For a two- 
hour observation period after a two-hour exposure, the value was 28 mg./m.* 
(11 ppm). For rats, these values were determined to be 50 mg./m.* (19 ppm) 
and 44 mg./m.* (17 ppm), respectively. 
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The symptoms exhibited on exposure to pentaborane indicate central nervous 
system effects, such as weakness, incoordination, tremors, convulsions, coma, and 
death. Here we do not have the picture of pulmonary damage, as was seen in the 
case of diborane. 

It appears from these acute inhalation experiments that pentaborane is more 
toxic than diborane and should be handled accordingly. Pentaborane is to be con- 
sidered more toxic than hydrogen cyanide. Pentaborane is a highly toxic compound, 
and in handling every precaution must be observed to prevent leakage. Provision 
must be made for strong local ventilation at all points where leakage may occur. 
There should be generous general ventilation in the working area. Skin contact 
should be avoided. Work clothes should be changed immediately in the event of 
contact with the material. Supplied-air masks should be worn in any operation 
which presents the possibility of leakage creating a concentration of the order of a 
few parts per million of pentaborane. 


DECABORANE 


The acute toxicity of decaborane was determined by various routes and proce- 
dures. Intraperitoneally, L.D.59’s were found to be approximately 33 mg./kg. for 
mice and 23 mg./kg. for rats by the University of Pittsburgh. At Army Chemical 
Center, a value of 28 mg./kg. was found for rabbits. 

The University of Pittsburgh found that decaborane administered by stomach 
tube has an L.D.59 of 64 mg./kg. by this route for rats. 

The L.D.50 for rabbits by skin application of decaborane-dioxane 3-in-1 oil 
mixtures was determined to be 113 mg./kg. for a 24-hour observation period and 
71 mg./kg. for a 48-hour observation period. The rat value was approximately 
640 mg./kg. 

Symptoms observed in rabbits after percutaneous administration of decaborane 
included nystagmus, loss of coordination, and convulsions. .\t higher doses, there 
were no convulsions, but rabbits would be prostrate, gasping, and comatose prior 
to death. This observation of absence of convulsions at higher doses may be of 
practical significance in evaluating the degree of exposure and prognosis in persons 
exposed to the higher boron hydrides. 

The toxicity by inhalation of decaborane vapor was studied at the University of 
Pittsburgh. The L.C.59 for mice exposed for 4 hours and observed for 48 hours was 
found to be approximately 26 ppm. Rats were exposed similarly for four hours to 
vapor concentrations ranging from 17 to 95 ppm. None of the rats died from 
exposure to these concentrations during an observation period of two weeks. How- 
ever, rats after such exposures were hyperexcitable. After gassings at concentraiions 
of about 77 ppm, rats would go into convulsions on being handled. 

In general, it appears that recovery from the toxic effects of pentaborane is 
more rapid than that from decaborane (several hours compared with several days). 
Pentaborane and decaborane have produced nervous system effects in laboratory 
animals similar to those experienced by plant personnel working in an atmosphere 
contaminated with an undetermined mixture of boron hydrides. 

From the toxicity results of decaborane, it is concluded that significant hazards 
exist by all the practical routes of administration. The hazard from skin absorption 
must be appreciated. Decaborane is absorbed through the skin, and the hazard by 
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this route is comparable with that of hydrazine. The inhalation hazard offered by 
the vapors of decaborane is comparable with that of pentaborane. It may be con- 
sidered slightly less toxic. However, it is suggested that precautions used for 
pentaborane be extended in application to decaborane until further information is 
available regarding the effects of repeated exposures to these materials. 

Pharmacology.—Pharmacological studies are in progress on decaborane at Army 
Chemical Center. Mechanism studies have been initiated at the Medical College of 
Virginia. Very briefly, I shall discuss some of the exploratory pharmacology on 
decaborane. 

Three rabbits on which blood pressure, electrocardiogram, and electroencephalo- 
gram recordings were made simultaneously showed that decaborane probably has no 
primary effect on the motor cortex. Convulsive activity appears to coincide quite 
regularly with rhythmic alterations in the blood pressure which characterize the early 
stages of this poisoning. During each period of low blood pressure, there is a burst 
of convulsive activity ; when the blood pressure rises again, the electroencephalogram 
record smooths out. These rhythmic alterations in blood pressure appear to be 
unaccompanied by corresponding changes in heart rate; the latter variable is 
decreased markedly in the later stages of poisoning when the blood pressure is fixed 
at a low level and electroencephalogram activity is at a minimum. It appears possible 
therefore that both the convulsive activity and the apparent eventual central nervous 


system depression result from the effects of decaborane on the cardiovascular 
system. 


Additional studies were performed to define the cardiac effects of decaborane. 
Experiments performed on anesthetized cats and rabbits which had _ received 
decaborane intraperitoneally showed decided changes in both rate and pattern. Heart 
rate was not only slow but was very irregular. The slow rate did not appear to be 
due to vagal influence, because atropine did not block this effect. In general, the 
heart was very arrhythmic. Use of several medicaments was tried; namely, digi- 
talis glucosides, xanthine derivatives, epinephrine, ephedrine, dextroamphetamine, 
and alpha-hypophamine. None of these has shown much promise. The effect of 
30 mg./kg. of decaborane on an unanesthetized dog was observed. The first symp- 
toms were noted in 15 minutes. The dog became excitable, had an unsteady gait, 
and vomited a yellow frothy fiuid. After 35 minutes, the animal was prostrate, 
breathing in deep slow breaths, and the heart was slow and irregular. He had four 
slight convulsions of brief duration. The dog was moribund six hours after injection 
and was dead the following morning. 


COMMENT 


In connection with the detection of boron hydrides, the median detectable 
concentration by odor for man was determined. The value for diborane is in the 
range of 2 to 4 mg./m.* For pentaborane, it is about the same, approximately 
2.5 mg./m.* The value for decaborane is lower, approximately 0.3 mg./m.* The 
results of these odor tests would indicate that for diborane and pentaborane the 
sense of smell may not be a reliable index or offer warning of the existence of a 


toxic atmosphere. On the other hand, decaborane would be detectable at subtoxic 
levels. 
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With reference to gas-mask protection, the University of Pittsburgh undertook 
studies on various filling materials for respirators for protection against decaborane. 
Preliminary results demonstrated that activated carbon was a poor absorbent, that 
silica gel and silica-alumina gel were fairly good, that soda-lime was very good, and 
that triethanolamine absorbed on unglazed China pieces was excellent. Until canister 
filling materials are thoroughly evaluated for their effectiveness against boron 
hydrides, it is recommended that air-line respirators be used for respiratory pro- 
tection. 

SUMMARY 


In summary, the boron hydrides, diborane, pentaborane, and decaborane, are 
highly toxic compounds and present a serious health hazard by all the practical 
routes of entry into the body. Adequate ventilation and hygienic and protective 
measures must be established for skin-contact, eye, and inhalation exposures. 


Present address: Chief, Aerosol Branch, Chemical Corps Medical Laboratories, Army 
Chemical Center, Md. 


OCCUPATIONAL ALLERGIC REACTIONS AMONG WORKERS 
IN A PENICILLIN-MANUFACTURING PLANT 


Simple and Inexpensive Method of Diagnosis and Treatment 


A. EATON ROBERTS, M.D. 
MALVERN, PA. 


le ienee no statistics are presented, allergic reactions among industrial 
workers with penicillin are common. Three instances from a penicillin-manu- 
facturing plant have recently come within my professional horizon. The method of 
acquiring sensitizing doses of penicillin was by direct contact of the powder with 
exposed areas of the body and by inhalation of the powder in the working environ- 
ment. The customary manner of disposition of employees in whom symptoms 
and signs of allergy to penicillin developed has been active treatment of cutaneous 
lesions and respiratory episodes. If recurrent attacks precluded regular employ- 
ment, the worker was then permanently discharged. 


Taste 1—Amount of Penicillin per Unit of Volume in Each Allergenic Suspension Used for 
Scratch Tests and Hyposensitizing Procedures 


Allergenic Units of Penicillin per Volume 
Suspension “0 Ce. 5 Ce. 1 Ce. 0.1 Ce. 
800,000 400,000 80,000 8,000 
80,000 40,000 8,000 800 
8,000 4,000 800 80 


It occurred to me that if hyposensitization could be accomplished economically 
and with relative certainty employees would benefit by being able to continue work- 
ing in an otherwise desirable environment, and the employer would benefit by 
diminished absenteeism and labor turnover. 


MATERIALS AND METHOD 


Preparation of Aqueous Suspensions for Scratch Tests and Hyposensitization—The final 
commercial product was used. This was procaine penicillin and buffered crystalline penicillin, 
4,000,000 units in finely pulverized form, sealed in the usual rubber-stoppered multiple-dose 
vial. To it 5 cc. of sterile distilled water was added, thus providing 800,000 units of penicillin 
per cubic centimeter. This was labelled “Regular” to indicate that it was the full-strength 
stock suspension, from which all other diagnostic and treatment suspensions were prepared. 
The quantity of penicillin per unit of volume in this and further suspensions is illustrated in 
Table 1. 

After thorough suspension by shaking, 1 cc. from the stock suspension was transferred to 
9.0 cc. of sterile distilled water in a rubber-stoppered multiple-dose serum bottle. This was 
labeled “1 x 10°” and contained 80,000 units of penicillin per cubic centimeter. Again, after 
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complete mixing, 1.0 cc. from the 1 x 107 suspension was added to 9.0 cc. of water, thus 
producing a 1 x 10°? strength, containing 8,000 units of penicillin per cubic centimeter. In like 
fashion, suspensions of 1 x 10-3, with 800 units per cubic centimeter, and 1 x 10-4, with 80 units 
per cubic centimeter, were readily prepared. 

Diagnosis —The clinical diagnosis of penicillin allergy was easily established 
from the history and physical examination of the patient. Scratch tests were used 
for confirmation and to indicate the degree of sensitivity before and after treatment. 
The results are apparent by a glance at Table 2. 

Scratch tests were performed and were interpreted in the customary manner 
on the volar surface of the forearm, observations being made at the end of 20 minutes 
and 24 hours. 


Treatment.—Hyposensitization was started with 0.1 cc. of an appropriately 
attenuated suspension, the exact strength of which was determined more by trial, 
error, and judgment than by scientific rule. An effort was made not to promote 
distressing local or systemic reactions. Injections were made subcutaneously with 
the use of a tuberculin syringe with a 24 gauge needle. 


TABLE 2.—Results of Scratch Tests in Three Cases of Allergy to Penicillin, 
Before and After Hyposensitization 


Time of Interpretation 


20 Minutes 24 Hours 
No. Ct 4th$ 2% Ist** Cy} 3d 2d Ist ** 
(Before) 2 ++ ++ + + + + 
3 - = = - - = ++ 


before hyposensitization. 


+ B = after hyposensitization. 

} C = control of sterile distilled water. 
$ 4th = suspension strength of 1 x 10-*. 


|| 3d = suspension strength of 1 x 10-4. 
2d = suspension strength of 1 « 10-2. 
Ist = suspension strength of 1 x 10°!. 


* 


Dosage was increased as much as was likely to be tolerated by each patient at 
two- to four-day intervals. When the volume of one suspension approached 1.0 cc., 
the next stronger suspension was begun, again at 0.1 cc. When the patient tolerated 
1.0 cc. of the regular suspension, an arbitrary maintenance dose of 0.5 cc. of the 
1 X 10° suspension was instituted. The interval between treatments was 
increased to once weekly for two or three injections, then every other week, then 
once monthly, until each patient was discharged after being free from allergic 
symptoms of penicillin in his or her working environment for several months. The 
three patients whose cases are presented here have remained at work symptom 
free for a minimum period of seven months since their discharge from hyposensi- 
tizing injections. 


REPORT OF CASES 


Case 1—Mrs. E. J. Diagnosis: 
bronchial asthma (Table 3). 


Penicillin allergy, occupational, respiratory type, with 


History.—The history was taken on Sept. 14, 1951. It revealed coryza, lacrimation, frontal 


headaches, and spasmodic cough aggravated during the night. These symptoms began a few 
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weeks after the patient had started to work in a penicillin-manufacturing plant in 1948, becom- 
ing progressively more annoying until the present date, at which time she felt that she would 
either have to obtain relief by treatment or quit her job. 

When this patient first worked in 1948 in the stoppering department, symptoms were confined 
to her eyes and upper respiratory tract. In 1949-1950, she worked in the filling department, 
where she was constantly exposed to large quantities of penicillin in a finely pulverized form. 
Because her symptoms became more and more bothersome, she was transferred to the capping 
department, without relief. Most recently, she had been made an inspector, but she continued 
to get worse, especially in regard to her cough. 

Prior to concluding that this was strictly an occupational allergy, the patient had obtained 
temporary relief with weekly nose packs of 5% colloidal silver iodide (Neo-Silvol), a nasal 
spray, and an antihistamine drug orally. 


Taste 3.—Dosage Schedule of Case 1, Mrs. E. J., During Hyposensitization with Allergenic 
Suspensions of Procaine Penicillin and Buffered Crystalline Penicillin 


Dose Suspension Dose Units of 
Date No. Strength in Ce. Penicillin Comment 
10/25/51 1 1x 10-3 0.1 8.000 No reaction 
10/29/51 2 1x 10-1 0.3 24,000 Local and systemic 
1l/ 1/51 3 1x 10-1 0.3 24,000 No reaction 
1l/ 5/51 4 1X 1071 04 32,000 Systemic reaction 
11/ 8/51 5 1 X 10-1 04 32,000 No reaction 
11/12/51 6 1x 101 0.5 40,000 No reaction 
11/15/51 7 1X 10-1 0.6 48,000 No reaction 
11/19/51 & 1X 10-1 0.8 64,000 No reaction 
11/23/51 9 1X 10-1 1.0 80,000 No reaction 
11/26/51 10 Regular 0.1 80,000 No reaction 
11/28/51 ll Regular 0.2 160,000 No reaction 
11/30/51 12 Regular 04 320,000 No reaction 
12/ 3/51 13 Regular 0.6 480,000 No reaction 
12/ 8/51 14 Regular 0.8 640,000 No reaction 
12/10/51 15 Regular 10 800,000 No reaction 
12/18/51 16 1X 10°73 0.5 40,000 No reaction 
17 1x 10°71 0.5 40,000 No reaction 
18 1X 10° 0.5 40,000 No reaction 
19 1x 10-1 0.5 40,000 No reaction 
20 1X 10-1 0.5 40,000 No reaction 
21 1X 10-3 0.5 40,000 No reaction 
22 1X 10-1 0.5 40,000 No reaction 
23 1X 10-3 0.5 40,000 No reaction 
24 1X 10-1 0.5 40,000 No reaction 
25 1X 10-2 0.5 40,000 No reaction 
26 1 X,10-1 0.5 40,000 No reaction 
27 1X 10-1 0.5 40,000 No reaction 
28 1X 10°71 0.5 40,000 No reaction 
10/ 2/52 29 1X 10-1 0.5 40,000 No reaction 
10/30/52 30 1X 10-1 0.5 40,000 No reaction 


Total 3,432,000 


In order to rule out other allergies, I recommended that this patient take sick leave for 
three weeks. After one week she was markedly improved and was completely asymptomatic 
within two weeks. The clinical diagnosis was substantiated by the full return of her symptoms 
two days after returning to work. 

Cutaneous Testing—On Oct. 25, 1951, through 1%4-in. (0.6 cm.) scratches on the acetone- 
cleansed forearm, a drop of each of the five previously described suspensions of penicillin was 
deposited, and through a similar scratch, a drop of sterile water served as a control. Readings 
at the end of 20 minutes revealed a 1+ reaction in all suspensions, and a negative reaction in 
the control. After 24 hours, there was induration and erythema over the sites of the 1 x 107 
and 1 x 10° suspensions. 

Hyposensitization Treatment was started on Oct. 25, 1951, with the subcutaneous injection 
of 0.1 cc. of the same 1 x 10° suspension of penicillin used for the cutaneous tests. No reaction 
occurred, and the dose was increased four days later to 0.3 cc. From this, the patient experienced 
a rather severe local reaction and a marked systemic reaction of sneezing, coughing, and sleep- 
lessness. In order to avoid repetition of this disconcerting experience, the 0.3 cc. dose was 
repeated on Nov. 1 and a capsule containing 50 mg. of diphenhydramine (Benadryl) hydro- 
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chloride was given orally at the same time. There were no ill effects, and the dose was increased 
on Nov. 5 to 0.4 cc. This was followed by a moderate systemic reaction. The same quantity 
was administered three days later, this time innocuously. 

It must be noted that this patient received another sick leave from Nov. 1 to Dec. 3. During 
this time she tolerated frequent increases in the dose of the allergenic suspension much better 
than when she was exposed daily to the penicillin environment at work. 

By Nov. 23, the patient accepted 1.0 cc. of the 1 x 10 suspension, without reaction. The 
regular, or stock, suspension was then started at 0.1 cc. on Nov. 26 and was increased in 


increments of 0.1 to 0.2 cc. at two- or three-day intervals until the patient tolerated 1.0 cc. on 
Dec. 10. 


Mrs. E. J. never again exhibited symptoms of allergy to penicillin after her return to work 
on Dec. 3, 1951. In other words, she became and remained totally asymptomatic after the 12th 
injection of the allergenic suspensions. 

At this point, an arbitrary maintenance dose of 0.5 cc. of the 1 x 10> suspension of penicillin 
was decided upon, and the interval between injections was increased to one week, then every 
two weeks until Feb. 28, 1952. Maintenance injections were then administered once monthly 
until the patient was empirically discharged on Oct. 30, 1952. Follow-up examinations for 
eight months since her final injection have indicated complete freedom from symptoms and 
signs of occupational allergy to penicillin. 

Case 2.—Mrs. C. B. Diagnosis: Penicillin allergy, occupational, respiratory type, with 
bronchial asthma (Table 4). 

History.—The history was taken on Nov 26, 1951. It revealed upper respiratory symptoms, 
mainly coryza and sneezing, beginning after the patient’s fourth year of work in a penicillin- 
manufacturing plant. Symptoms started after nearly one year in the filling department. At 
first, the patient thought hay fever was developing. The symptoms became progressively worse, 
and coughing began, which often wakened the patient at night. Soon she started wheezing 
during work and also at night, which made it necessary for her to prop herself up in bed in 
order to breathe. Her family physician advised her that she was undoubtedly sensitive to 
penicillin. 

Physical Examination.—This examination revealed the same signs of upper respiratory 
allergy as would be found in pollinosis and other conditions of hypersensitivity. In addition, 
there were the classical signs of bronchial asthma. 

Cutaneous Testing—This testing was performed in the manner described for Case 1. 
The results, recorded in Table 2, indicated extreme sensitivity to the commercial penicillin 
preparation to which the patient was exposed during her daily work. 

FH yposensitization—Treatment was started on Nov. 26, 1951. Because of the patient's 
unusual sensitivity, the 1 x 10-* suspension was chosen. The initial dose was 0.1 cc., just 8 
units of penicillin. No reaction was observed, and the next subcutaneous injection was increased 
to 0.3 cc. From this, the patient suffered rather severe local and systemic reactions. It was 
remarkable that these manifestations were precipitated by only 24 units of penicillin. Four days 
later, the previous dose was repeated, with the production of only a slight local reaction. On 
Dec. 6, 0.4 cc. was administered, with no reaction. However, the patient experienced an aggrava- 
tion of her respiratory symptoms, including asthma, due to occupational exposure to penicillin 
dust in the filling department of the factory. The dose was increased to 0.5 cc. on Dec. 10. At 
this time, a capsule was prescribed, to be taken when needed for the relief of allergic symptoms, 
containing 50 mg. of thenylpyramine and 16 mg. of methapyrilene (Histadyl). Local and sys- 
temic reaction followed the 0.5 cc. dose, which was repeated on Dec. 13; 0.6 cc. was tolerated 
on Dec. 17, making it possible to increase the dosage to 0.7 cc. on Dec. 20. 

Previous experience had suggested that freedom from occupational exposure allowed greater 
increases in the dose of the allergenic suspensions without so much danger of local and systemic 
reactions. With this in mind, Mrs. C. B. was granted sick leave from Dec. 24, 1951, to Jan. 14, 
1952. 

On Dec. 22, 1951, 0.9 cc. of the 1 x 10° suspension was administered without reaction. 
The 1 X 10-3 suspension was started on Dec. 27 with a dose of 0.1 cc. A dose of 0.2 cc. was 
given on Dec. 31. Because no reactions were occurring and the patient had been free from 
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symptoms since beginning her sick leave, the increment was increased to 0.4 cc. on Jan. 3, 1952, 
then 0.8 cc. on Jan. 7. The 1 x 10° suspension was started with 0.2 cc. with an increase to 
0.4 cc. on Jan. 12. The dose was increased gradually without ill effects, until on Jan. 24 the 
patient tolerated 0.1 cc. of the next stronger suspension, 1 x 107. After returning to work 
on Jan. 14, 1952, Mrs. C. B. had been almost completely free from allergic symptoms arising 
from occupational exposure to penicillin. A dose of 0.3 cc. of the 1 x 10° suspension on 
Jan. 28 precipitated a mild dermal but a severe systemic reaction. This amount was repeated 


Taste 4.—Dosage Schedule of Case 2, Mrs. C. B., During Hyposensitization with Allergenic 
Suspensions of Procaine Penicillin and Buffered Crystalline Penicillin 


Suspension Dose Units of 
Strength Penicillin Comment 


1X 10-4 3 No reaction 
1X 10-* 2 Local and systemic 
Slight local 
No reaction 
Local and systemic 
No reaction 
No reaction 
No reaction 
No reaction 
No reaction 
No reaction 
No reaction 
‘o reaction 
reaction 
reaction 
reaction 
reaction 
reaction 
reaction 
Local and systemic 
No reaction 
No reaction 
No reaction 
No reaction 
Systemie reaction 
No reaction 
Slight local 
No reaction 
No reaction 
Slight local 
No reaction 
Systemie reaction 
No reaction 
No reaction 
No reaction 
720,000 No reaction 
800,000 No reaction 
40,000 Maintenance dose 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 
40,000 No reaction 


OF 
x 


KKK KK KK KK KK KK KKK KKK 


5 
5 


KK KK KK 


Total 4,292,744 


at the patient’s next visit with no untoward effect. Further increases were uneventful until 
on Feb. 18 a dose of 0.8 cc. caused a moderate local and general reaction. After this dose 
had been repeated once, the patient tolerated 0.9 cc. favorably on Feb. 25. 

The regular suspension was started on March 3 with the usual dose of 0.1 cc. This was 
increased quite uneventfully until 1.0 cc. caused no reaction on April 1. 

A maintenance dose of 0.5 cc. of the 1 x 10-1 suspension was given twice at weekly intervals 
beginning on April 7, then every two weeks until June 12, then once monthly until the patient 
was discharged after her 49th injection on Nov. 6, 1952. 


Mrs. C. B. has continued working in her original penicillin environment, completely free 
from symptoms referable to it. 


Date 
11/26/51 
11/29/51 
12/ 3/51 
12/ 6/51 
12/10/51 
12/13/51 
12/17/51 
12/20/51 
12/22/51 
12/27/51 10 
12/31/51 ll 
1/ 3/52 12 
1/ 7/52 13 
1/10/52 14 
1/12/52 
1/14/52 16 
1/17/52 17 
1/21/52 18 
1/24/52 19 
1/27/52 20 
1/31/52 21 
2/ 4/52 22 
2/ 7/52 23 
2/11/52 24 
2/14/52 25 
2/18/52 26 
2/21/52 27 
2/25/52 28 
3/ 3/52 29 
3/ 6/52 30 
3/10/52 31 
3/12/52 32 
3/17/52 33 
3/20/52 34 
3/24/52 35 
3/27/52 36 
4/ 1/52 37 
4/ 7/52 38 
4/14/52 39 
4/28/52 40 
5/13/52 41 
5/26/52 42 
6/12/52 43 
7/11/52 44 
; 8/ 7/52 45 
8/28/52 46 
A 9/11/52 47 
10/ 9/52 48 
1l/ 6/52 49 
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Case 3.—Mr. J. R. Diagnosis: Penicillin allergy, occupational, cutaneous type, with urticaria 
and contact dermatitis (Table 5). 

History—The history which was taken on Jan. 25, revealed that Mr. J. R. was hired as an 
electrician in a penicillin-manufacturing plant on Jan. 7, 1952. After three days, symptoms 
appeared. The patient's complaints were completely limited to the skin and consisted of itching, 
redness, and swelling, especially of the eyelids and of the skin under the eyes. This became so 
pronounced that he could scarcely open his eyes. The symptoms became progressively worse. 
The nature of his work took him into all portions of the plant, where he was in contact with 
mixed dusts, all containing penicillin powder. 

Physical Examination—This examination revealed an obviously reddened, swollen face, 
most markedly edematous supra- and infra-orbitally, narrowing the palpebral fissures until 


TABLE 5.—Dosage Schedule of Case 3, Mr. J. R., During Hyposensitization with Allergenic 
Suspensions of Procaine Penicillin and Buffered Crystalline Penicillin 


Dose Suspension Dose Units of 
No. Strength in Ce. Penicillin Comment 
1 1x Ww? 01 800 No reaction 
2 1X lo? 03 2,400 No reaction 
3 1x 10-2 05 4,000 No reaction 
4 1x 10-2 08 6,400 Loeal reaction 
5 1x 0-1 01 8,000 Local reaction 
6 1x Ww? | 8,000 No reaction 
7 1x lo?! 0.2 16,000 No reaction 
8 1X Ww? 0.3 24,000 Local reaction 
9 1x 10-1 O4 32,000 No reaction 
10 1x 10"? O05 40,000 No reaction 
ll 1X 10? 06 48,000 No reaction 
2 1X 10-3 0.7 56,000 No reaction 
13 1x 10°? 08 64,000 No reaction 
14 1x 1 10 80,000 No reaction 
15 Regular 0.1 80,000 No reaction 
16 Regular 03 240,000 No reaction 
17 Regular 0.5 400,000 No reaction 
18 Regular 0.7 560,000 No reaction 
19 Regular 09 720,000 No reaction 
20 Regular 32 880,000 No reaction 
21 1x lo! 05 40,000 No reaction 
22 1x lot 0.5 40,000 No reaction 
23 1x lo"? 05 40,000 No reaction 
24 1x 10"! 05 40,000 No reaction 
25 1x lo? 05 40,000 No reaction 
26 1x 10°! 05 40,000 No reaction 
27 1x 10-1 05 40,000 No reaction 
28 1X 10-1 05 40,000 No reaction 
29 1x 10°? 0.5 40,000 No reaction 
30 1 X 10-1 05 40,000 No reaction 
31 1x lo"? 0.5 40,000 No reaction 


Total 3,708,600 


they were hardly visible. The skin was dry, scaly, and erythematous and felt brawny, most 
noticeable over the zygomatic processes and the skin of the anterior and posterior cervical 
regions. It was interesting to note that there was no conjunctivitis, inflammatory, or allergic 
phenomena of the mucous membranes of the eyes, nose, and throat. Although the patient did 
not complain of other parts of the body, the same type of rash appeared on the flexor surfaces 
of the forearms. All other skin regions were normal. 


Cutaneous Testing.—Scratch tests with the described suspensions of penicillin were all 
negative after 20 minutes. However, after 24 hours, there was a 1 + reaction to the 1 x 10° 
suspension, and a 2 + reaction to the 1 x 10~! suspension. The control and higher, i. e., weaker, 
suspensions remained negative. 

Hyposensitization—In view of the experience with the first two cases, it appeared that 
hyposensitization could be profitably speeded by avoiding the environment of sensitivity as 
much as practicable. It seemed too that the increment of dosage could be much greater, without 
fear of local and systemic reactions, if the patient was not in daily working contact with the 
allergenic substance. The personnel department therefore authorized a temporary change of 
duty, thus protecting Mr. J. R. from excessive exposure to penicillin. 


Date 
j 1/25/52 
1/28/52 
1/31/52 
j 2/ 4/52 
2/ 7/52 
2/11/52 
2/14/52 
2/18/52 
2/21/52 
2/25/52 
2 2/28/52 
3/ 3/52 
3/ 6/52 
3/10/52 
3/13/82 
3/17/52 
3/20/52 
3/24/52 
3/27/52 
3/31/52 
4/ 7/52 
4/14/52 
4/21/52 
5/12/52 
5/26/52 
6/ 9/52 
7/15/52 
8/12/52 
9/ 9/52 
10/ 7/52 
11/11/52 
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On Jan. 25, 1952, 0.1 cc. of the 1 x 10°? suspension was injected subcutaneously. This was 
increased by increments of 0.2 and 0.3 cc. every few days until on Feb. 4 the patient tolerated 
0.8 cc. with only a slight local reaction. 

The patient noticed that he was free from symptoms as long as he was careful not to expose 
himself to penicillin powder at work. 

On Feb. 7, 0.1 cc. of the 1 % 10-1! suspension was given. This was followed by the appearance 
on the patient’s forearms of several discrete erythematous vesicular patches, about 5 mm. in 
diameter, which itched. The patient stated that similar lesions sometimes had preceded the 
redness and swelling of the face. The dose of 0.1 cc. was repeated on Feb. 11, and the increment 
between doses was decreased to 0.1 cc. because of the possibility of further reactions. Such 
increases were made regularly, according to the schedule illustrated in Table 5. 

The patient returned to his regular job on Feb. 25. He reported some pruritus of the 
eyelids but no other symptoms of his previously disabling allergy. It was his belief that he 
tolerated the occupational environment much better than before he started the injections. 

On March 13, it was possible to start the regular suspension at 0.1 cc. This was increased 
to 0.3 cc. on March 17, 0.5 cc. on March 20, 0.7 cc. on March 24, 0.9 cc. on March 27, and 
1.1 cc. on March 31. The patient volunteered that he remained completely asymptomatic under 
any working conditions throughout the plant. 

On April 7, the customary maintenance dose of 0.5 cc. of the 1 x 10-1 suspension was 
administered and was repeated in one week. Three doses at weekly intervals were administered. 
The interval was gradually increased, and the patient continued with the recommended monthly 
schedule until Nov. 11, 1952, at which time he was discharged. 

Scratch tests were repeated on June 9, 1952, with negative interpretations after 20 minutes 
and 24 hours. 

Follow-up interrogation has shown Mr. J. R. to have remained asymptomatic during the 
seven months after his discharge from injections. 


COM MENT 


The same simple preparations of allergenic suspensions were used for cutaneous 
testing and for hyposensitization. No special training, expensive apparatus, or time- 
consuming techniques were required. 

All patients exhibited some degree of sensitivity to penicillin, according to the 
results of the scratch tests, before hyposensitization (Table 2). 

After hyposensitization, none of the patients demonstrated a positive reaction 
to scratch tests at either the 20-minute or the 24-hour interpretation. 


Each of these patients presented symptoms and signs of occupational allergy to 
penicillin, which would have disabled them for that kind of work had they not 
obtained relief. 


As little as 24 units of penicillin injected subcutaneously was sufficient to cause 
both local and systemic reactions in one highly sensitive individual, viz., Case 2. 

The three patients became asymptomatic during their courses of hyposensi- 
tization and have remained free from symptoms in their working environment 
during a follow-up period of several months. 

The results of hyposensitization to the occupational allergen, penicillin, were 
entirely satisfactory. It was gratifying that none of these reliable employees had to 
seek a different means of livelihood because of allergic intolerance to their working 
environment. 


SUMMARY 
Three cases of occupational allergy to penicillin have been discussed. Two of 
these were of the respiratory type; one was the cutaneous type. 


A simple method of preparing suitable allergenic suspensions and their use for 
scratch testing and hyposensitization have been described. 


— 


EXCRETION OF DIAZOTIZABLE METABOLITES IN MAN 
AFTER ANILINE EXPOSURE 


DAVID L. HILL, A.B. 
ARMY CHEMICAL CENTER, MD. 


N THE course of studies on the mechanism of aniline intoxication in man, an 
index of exposure to this agent has been sought which (a) would indicate its 
presence at levels below those required to produce methemoglobinemia and other 
clinical symptoms and which (>) would have practical application to personnel 
with whom frequent determination of exposure may be necessary. The urinary 
excretion of diazotizable metabolites (chromogen) measured by a modification of 
the sulfonamide method of Bratton and Marshall’ has shown promise for this 
purpose. By substituting hydrochloric acid for the trichloroacetic acid used in 
the original procedure, the sensitivity of this method has been increased by a factor 
of about two and one-half times when applied to urines after aniline exposure. 
Smith and Williams ? have demonstrated the excretion of a number of detoxica- 
tion products, principally glucuronides and ethereal sulfates, as a result of aniline 
exposure in the rabbit. The chromogenic value of urines of aniline-treated animals 
is probably produced then by the sum of several diazotizable metabolites. Since 
a single reference standard may be arbitrary and misleading, the readings themselves 
obtained with a Klett-Summerson colorimeter at 540 my have been used, one 
unit of chromogen being considered as one space division (equivalent to an optical 
density of 0.002 at a solution depth of 1 cm.) on the potentiometer scale. Allowance 
for the dilution factor in different urine specimens has been made by expressing 
chromogen excretion as the ratio of the chromogen to creatinine excretion per milli- 
liter of urine. Creatinine has been determined by a modified Folin alkaline picrate 
method.* Both free and total (acid hydrolyzable) chromogens have been deter- 
mined, with an allowance of 60 minutes for color development. The method of 
Evelyn and Malloy* has been used for methemoglobin determinations. 


Two groups of human subjects were used. Because of abnormally high chromogen 
excretion which may be produced by “sulfa” drugs, Phenacetin, and similar sub- 


Mr. Hill is with the Pharmacology Branch of the Chemical Corps Medical Laboratories. 
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stances, no person was utilized who had been undergoing medication prior to the 
test. The first group comprising five men were given a cutaneous exposure to 5 
ml. of aniline spread by a gauze sponge on the volar surface of one forearm until 
the sponge became dry. Venous blood samples were obtained before and at two 
hours after exposure. Urine samples were obtained before and at one, two, four 
and one-half, and five hours after exposure. The second group containing six 
recumbent men were exposed to 4 ml. of aniline applied to the anterior surface of 
the thorax in the same manner as the first group. One hour after the initial exposure 
an additional 3 ml. of aniline was applied in the same way. Two and one-half hours 
after the initial exposure the men were allowed to be volitionally active. Control 
blood and urine samples were taken at three and five hours after initial aniline 
exposure. Urine samples were obtained at 14%, 3, 44%, 6, and 24 hours after the 
first exposure. 

In the first group with cutaneous exposure on the forearm, no methemoglo- 
binemia was produced in two hours, mean values for the group being 1.5 and 0.8% 


Effect of Thoracic Cutaneous Exposure to Aniline on the Urinary Excretion of Free and Total 
Chromogens in Man (per Milligram of Creatinine per Milliliter) 


Values Given as Space Divisions on Klett-Summerson Potentiometer Scale 


Free Chromogen 


Total Chromogen 
Peak Peak 
as % as % 
Subject Control Peak 24 Hours Control Control Peak 24 Hours Control 
B 28.3 131.0 37.8 462 41.0 392.0 86.0 955 


59.8 30.6 8.6 5 100.0 206.0 52.2 206 


25.8 45.8 40.2 153.0 51.2 382 


K 
oO 27.7 76.5 2 2 35.8 209.0 47.8 590 
Ky 23.7 62.7 31.6 336.0 50.0 1,050 


Vv 29.3 167.0 


44.0 214.0 486 
Mean 32.4 77.0 


48.6 243.0 500 


* Urine sample not obtained. 


of the total hemoglobin, respectively, before and after exposure. No increase in 
free chromogen excretion over the control figures was noted for this group. The 
total chromogen values ranged from 19 to 42 (mean, 29.8) for the control urine 
samples, whereas the highest values in the postpoisoning period ranged from 49 
to 84 (mean, 72.1). The experimental mean was 242% of the control value. No 
cyanosis or evidences of malaise was apparent in any of the men of this group. 

The group with thoracic cutaneous exposure to aniline showed more obvious 
effects of poisoning. All the subjects became cyanotic within one and one-half 
hours after the initial exposure, normal color returning only at about the fifth hour 
after initial exposure. All complained of malaise, including headache, dizziness, 
dim vision, and somnolence. Methemoglobinemia was very marked at both times 
of blood sampling. From essentially none in the control blood samples, the methemo- 
globin (as per cent of total hemoglobin) rose to mean values of 34.6 at three hours 
and 40 at five hours. The increases in chromogen excretion attained peak values at 
three to four and one-half hours for the free form and four and one-half to six hours 
for the total values. These increases are summarized in the Table. It will be noted 
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that a very obvious increase in excretion of free chromogen occurs, while the total 
chromogen increase is about twice that obtained by application of aniline to the arm. 


From the foregoing data it is apparent that aniline produces chromogen excre- 
tion in man and that, based upon total chromogen value, the excretion appears at 
exposure levels well below those required to produce methemoglobinemia and 
cyanosis. Total chromogen excretion appears to give a more sensitive index of expo- 
sure to aniline than does free chromogen excretion alone. It is not possible from the 
present data, however, to predict at what chromogen level methemoglobinemia can be 
expected to appear. Since in 10 out of 11 cases the preexposure total chromogen 
value was below 50, any value much in excess of this may be considered as suggestive 
that exposure to aniline has occurred. 

It has not been possible to assess this method with personnel exposed chronically 
to aniline by occupation. However, from the data reported here and the obvious 
convenience of urinary versus blood determinations for frequent use, it is felt that 
this procedure shows promise. 
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URING the past several years parathion (p-nitrophenyl diethyl thionophos- 
phate) has been extensively employed as an agricultural insecticide, and its 
effectiveness for that purpose has been well established. Prior to the introduction 
of this insecticide into general use, toxicological studies! in this laboratory on 
experimental animals indicated its hazardous nature, and the subsequent incidence of 
parathion poisoning in man?’ has emphasized the high toxicity of this compound. 
The effectiveness and widespread use of parathion as an insecticide has stimulated 
interest in the development of related compounds in an effort to find new thiono- 
phosphates which have high insecticidal activity and lower mammalian toxicity. 
Several promising compounds have resulted from this research. Data on the toxicity 
and pharmacologic action of new organic phosphates are essential for proper evalua- 
tion of the potential hazards associated with their use as insecticides. The extent to 
which the precautionary measures which have been recommended for the safe 
handling of the organic phosphates currently in use as insecticides should be applied 
to these new thionophosphates can be determined adequately only by studies on their 
toxicity to mammals. The present report contains information regarding the toxicity 
and mechanism of action of malathon (S-[1,2-dicarbethoxyethyl] O,O-dimethy] 
dithionophosphate ), tetrapropyl dithionopyrophosphate (E 8573), and chlorothion 
( p-nitro-m-chlorophenyl dimethyl thionophosphate). These compounds differ con- 
siderably in their chemical structures but have in common the thionophosphate link- 
age, the ability to inhibit cholinesterase, an insecticidal activity, and a relatively 
low mammalian toxicity. 
EXPERIMENTAL PROCEDURES 
For these experiments adult female Sprague-Dawley rats were employed. The animals were 


maintained in air-conditioned laboratories at 68 to 70 F. and were fed Wayne Dog Blox. The 
sample of malathon used for cholinesterase studies was more than 99% pure, and the samples 


From the Department of Pharmacology, University of Chicago. 
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2. Grob, D.: Pharmacology and Toxicology of Certain Organic Phosphorus Insecticides : 
Toxicology, Council on Pharmacy and Chemistry, J. A. M. A. 144:104, 1950. 
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of chlorothion and tetrapropyl dithionopyrophosphate were more than 95% pure. Solutions of 
the compounds dissolved in 20% ethanol and 80% propylene glycol were used whenever doses 
below 200 mg. per kilogram were given. All of the compounds are liquids with an extremely low 
solubility in water. Solutions of the compounds were always of such strength that less than 
0.3% of the body weight was administered. Thus, in all acute toxicity measurements on the three 
compounds, the undiluted materials were used, and in experiments in which daily sublethal doses 
were administered, ethanol-propylene glycol solutions were employed. Since the absorption of 
these compounds is significantly increased in the presence of solvents such as ethanol, it is impor- 
tant to designate whether solutions of the compounds in organic solvents are used for toxicity 
studies. 

Cholinesterase measurements were performed manometrically with the use of the method 
of DuBois and Mangun.* The test system contained 0.3 cc. of 0.1 M acetylcholine in a final 
volume of 3 cc. of calcium-free Ringer bicarbonate buffer. Tissues were homogenized in the 
buffer, and 50 mg. of brain, 100 mg. of submaxillary gland, and 200 mg. of serum were employed 
for the assays. After the Warburg flasks were gassed for 5 minutes with 95% nitrogen and 5% 
carbon dioxide and equilibrated for 10 minutes, the acetylcholine was tipped from the side-arms 


into the main compartments of the vessels, and readings were taken at 5-minute intervals for 
30 minutes. 


RESULTS 


The toxicity of chlorothion, malathon, and tetrapropyl dithionopyrophosphate 
was measured by administering the compounds intraperitoneally and orally to rats. 
Since relatively large doses of the compounds were necessary to produce mortality, 
they were administered undiluted. When single doses were given, death or recovery 
always occurred during the first week after poisoning, and mortality data were 
therefore based on a 10-day observation period. The approximate L.D.59 values 
were estimated from the mortality data by the log probability method. The results 


of the acute toxicity measurements are shown in Table 1, together with the chemical 
formulas of the compounds employed for this study. From these data it is appar- 
ent that all the compounds exhibit relatively low toxicity to rats. The low 
toxicity of malathon to experimental animals has also been noted in studies con- 
ducted by Holland and associates * and by Hagan.® When compared with the L.D.s5o 
values for female rats of + mg. per kilogram for parathion’ and 0.85 mg. per kilo- 
gram for tetraethyl pyrophosphate ° obtained under comparable experimental con- 
ditions, it is evident that the new thionophosphates listed in Table 1 are much less 
toxic than organic phosphates currently in use as insecticides. Previous studies in 
this laboratory * have shown that there is little species difference in susceptibility 
to the acute toxic action of cholinergic organic phosphates. Thus, it seems likely that 
the danger of acute poisoning of man and domestic animals by the organic phosphates 
employed in the present study is much less than in the case of parathion and tetra- 
ethyl pyrophosphate. 


3. DuBois, K. P., and Mangun, G. H.: Effect of Hexaethyl Tetraphosphate on Choline 
Esterase in Vitro and in Vivo, Proc. Soc. Exper. Biol. & Med. 64:137, 1947. 

4. Holland, E. G.; Hazelton, L. W., and Hanael, D. L.: Toxicity of Malathon (O,O- 
Dimethyl Dithiophosphate of Diethyl Mercaptosuccinate), Fed. Proc. 11:357, 1952. 

5. Hagan, E. C.: Acute Toxicity of O,O-Dimethyl Dithiophosphate of Diethyl Mercapto- 
succinate (4049), Fed. Proc. 12:327, 1953. 


6. Mangun, G. H., and DuBois, K. P.: Toxicity and Mechanism of Action of Tetraethyl 
Pyrophosphate, Fed. Proc. 6:353, 1947. 


7. DuBois, K. P., and Coon, J. M.: Toxicology of Organic Phosphorus-Containing Insecti- 
cides to Mammals, A. M. A. Arch. Indust. Hyg. 6:9, 1952. 
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Essentially the same symptoms resulted from the administration of acutely toxic 
doses of malathon, chlorothion, and tetrapropyl dithionopyrophosphate to rats. Like 
other thionophosphates,’ these compounds produced effects resembling excessive 
stimulation of the parasympathetic nervous system, the somatic motor nerves, and 
the central nervous system. When doses around the L.D.59 were given, maximal 
symptoms were often delayed for several hours, and death generally occurred within 
two days after poisoning. The somewhat slower onset of action exhibited by these 
compounds as compared with parathion appears to be due principally to slow absorp- 
tion from the sites of injection. Acutely poisoned rats first exhibited restlessness with 
incoordination, followed by defecation, urination, lacrimation, and copious salivation. 
Disorientation, tremors, muscular twitching, muscular fibrillations, and clonic con- 


TasLe 1.—Acute Toxicity of Chlorothion, Tetrapropyl Dithionopyrophosphate, 
and Malathon to Rats 


Approx. 
Route of 
Compound Structural Formula Administration 


PCH; 
Chlorothion 


cl 


Tetrapropyl O O(CH2)eCH3 
dithionopyro- 
phosphate P-O-P 


CH;(CH2)o- orc CHs 


CH30 

P-S-CH-C-OC3Hs 

ce) 


vulsions were noted when lethal doses were administered. Cessation of respiration 
preceded cardiac arrest. When doses around the L.D.59 were given, animals often 
survived for several days, during which time they exhibited the symptoms charac- 
teristic of stimulation of the parasympathetic nervous system as well as muscular 
fibrillation and twitching, inanition, and weight loss. Rapid and apparently complete 
recovery occurred in animals which survived the initial acute effects of single doses 
of these compounds. 

In the practical usage of organic phosphates as insecticides, the possibility of 
subacute poisoning from repeated exposure is a problem of considerable importance. 
To obtain an indication of the extent to which chlorothion, tetrapropyl dithionopyro- 
phosphate, and malathon are capable of producing subacute poisoning, various doses 
of the compounds were administered intraperitoneally at daily intervals to rats. 
The resulting mortality is shown in Table 2. These data indicate that rats can tolerate 
daily doses of 50 mg. per kilogram of chlorothion or 100 mg. per kilogram of tetra- 
propyl dithionopyrophosphate or malathon for at least 60 days. The daily adminis- 
tration of higher doses of the compounds resulted in death of some of the animals. 


Intraperitoneal............ 48 
25 1,500 
3 

Intraperitoneal............ 49 1,100 

Intraperitoneal............ 69 750 

36 1,400 
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The results of this experiment demonstrated that daily sublethal doses of these 
thionophosphates may produce subacute poisoning in rats. The symptoms preceding 
death of the animals were similar to those observed in acutely poisoned animals. The 
cumulative toxic action of these compounds is similar to that which was observed by 
DuBois and associates with parathion.’ However, much larger doses of the thiono- 
phosphates used in the present investigation were necessary to produce subacute 
poisoning than were necessary in the case of parathion. It thus appears that the 
danger of subacute poisoning in man during the practical use of chlorothion, tetra- 


propyl dithionopyrophosphate, and malathon as insecticides is considerably less than 
with parathion. 


TABLE 2.—Cumulative Toxic Action of Chlorothion, Tetrapropyl Dithionopyrophosphate, 
and Malathon in Rats 


Mg. per 
Kg. of Days After First Injection Mor- Mortality 
Body Wt. — tality, at 60 

Compound per Day 0-5 510 10-30 30-60 60 Days Days, % 
Chlorothion 
100 
200 
Tetrapropyl dithionopyrophosphate 100 
200 
300 
400 
Malathon 100 
200 
300 


Taste 3.—Anticholinesterase Activity of Malathon, Chlorothion, and Tetrapropyl 
Dithionopyrophosphate in Vitro 


Molar Concentration for 50% Inhibition 
of Cholinesterase 


Compound ia Brain Submaxillary Serum 
Chlorothion 1X 10-5 4x 10°5 
Tetrapropyl dithionopyrophosphate 2.4 X 10-¢ 9.6 X 10-6 
Malatbon 1 X 10-3 8 xX 10-3 


In view of the cholinergic action of these thionophosphates in mammals and 
their similarity in chemical structure to organic phosphorus-containing insecticides, 
such as parathion and tetraethyl pyrophosphate, it seemed likely that they would 
exert an inhibitory effect on cholinesterase activity. Because of the relatively low 
toxicity of these compounds to mammals, it was particularly interesting to ascertain 
their effect on the cholinesterases of mammalian tissues. For in vitro experiments, 
several concentrations of the compounds were tested on the cholinesterase activity of 
rat brain, submaxillary gland, and serum. The concentration of each of the compounds 
which was required to produce 50% inhibition of cholinesterase activity of the various 
tissues in vitro is shown in Table 3. The results of these tests demonstrated that all 
the compounds inhibit cholinesterase activity in vitro. It is interesting to note that 
chlorothion exhibits anticholinesterase activity closely resembling that shown by para- 
thion ' although the two compounds differ widely in their acute toxicity to mammals. 
In comparison with tetraethyl pyrophosphate," the dithiono compound (E 8573) 
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was considerably less active as an anticholinesterase agent in vitro. Malathon was 
much less active than the other two compounds as an inhibitor of cholinesterase 
activity. Higher concentrations of all of the compounds were necessary to inhibit 
the cholinesterase activity of serum than of brain or submaxillary gland in vitro. 
The high anticholinesterase activity and low mammalian toxicity of chlorothion and 
tetrapropyl dithionopyrophosphate present an interesting deviation from other thiono- 
phosphates whose high anticholinesterase activity parallels high mammalian toxicity. 
Recent evidence * has indicated that thionophosphates must be converted to the 
oxygen analogues before they are capable of inhibiting cholinesterase activity. It is 
thus possible that the anticholinesterase activity exhibited by these compounds in 
vitro is due to the presence of traces of the oxygen analogues. 

To ascertain the effect of these thionophosphates on cholinesterase activity in 
vivo, single lethal and sublethal doses of the compounds were administered intra- 
peritoneally to rats. Groups, each containing three animals, were then killed at 
intervals after poisoning, and cholinesterase measurements were made on brain, 
submaxillary gland, and serum. These measurements permitted an estimation of the 
rate and extent of inhibition of the cholinesterase activity of various tissues in vivo. 
At the time of death, which occurred between 20 and 60 minutes after the adminis- 
tration of 1,000 mg. per kilogram of malathon, the average cholinesterase activity of 
the tissues from four rats was decreased 66% in brain, 39% in submaxillary gland, 
and 34% in serum. Although the same dose of chlorothion was lethal to rats, they 
generally survived for about 24 hours, thus permitting measurements of the rate of 
decrease of cholinesterase activity of the tissues at several intervals between the time 
of administration of the compounds and the death of the animals. At one hour after 
the administration of 1,000 mg. per kilogram of chlorothion, the cholinesterase 
activity was inhibited to the extent of 57% in brain, 46% in submaxillary gland, 
and 38% in serum. A further progressive decrease in cholinesterase activity occurred 
during the remainder of the survival period. Thus at 24 hours after the intraperi- 
toneal administration of 1,000 mg. per kilogram of chlorothion, the cholinesterase 
activity of brain, submaxillary gland, and serum was inhibited 80%, 67%, and 93%, 
respectively. At 24 hours after the administration of a single dose of 750 mg. per 
kilogram of chlorothion, the cholinesterase activity of brain was inhibited 26%, while 
the cholinesterase activity of submaxillary gland and serum was inhibited 37% and 
53%, respectively. The administration of a single lethal dose of tetrapropyl dithiono- 
pyrophosphate also produced inhibition of cholinesterase activity of all tissues in 
vivo. Marked depression of the cholinesterase activity of the tissues was noted sooner 
after the administration of this compound than after the administration of malathon 
and chlorothion. Thus, at three hours after the administration of 1,500 mg. per 
kilogram of tetrapropyl dithionopyrophosphate, the average cholinesterase activity 
of brain of four rats was inhibited 61%, while the cholinesterase activity of sub- 
maxillary gland and serum was inhibited 58% and 86%, respectively. Some further 
decrease in the enzyme activity of all the tissues was noted during the survival time, 
which was generally about 48 hours. The results of these experiments demonstrated 


8. Gage, J. C.: The Determination of p-Nitrophenol and p-Nitrophenyl O-S-Diethyl 
Thiophosphate in Parathion, Analyst 77:123, 1952. Aldridge, W. N., and Barnes, J. M.: Some 
Problems in Assessing the Toxicity of the “Organo-Phosphorus” Insecticides Towards Mammals, 
Nature, London 169: 345, 1952. 
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that malathon, chlorothion, and tetrapropyl dithionopyrophosphate inhibit the 
cholinesterase activity of brain, submaxillary gland, and serum in vivo, and it is 
therefore evident that these compounds can gain access to and inhibit the cho- 
linesterase activity of both the central nervous system and the peripheral tissues. 
The delay in the onset of maximal inhibition of cholinesterase after administration 
of these compounds intraperitoneally is probably due to a slow rate of absorption 
of the compounds and may be contrasted with the rapid occurrence of maximal 
inhibition after administration of parathion ' and tetraethyl pyrophosphate.® 

A prolonged inhibitory action on cholinesterase in vivo was noted after adminis- 
tration of single toxic doses of all the compounds to rats. This was demonstrated by 
killing groups, each containing three animals, at intervals for several days after 
administration of a sublethal dose of each of the compounds. After administration 
of a single dose of 250 mg. per kilogram of chlorothion, the cholinesterase activity 
of brain was inhibited 56%, and of serum 80%; the submaxillary gland showed 
59% inhibition of cholinesterase activity at 12 hours after poisoning. In seven days 
the cholinesterase activity of brain and submaxillary gland was less than 25% 
inhibited, while the activity of serum returned to 45% of normal. The administration 
of 1,000 mg. per kilogram of tetrapropyl dithionopyrophosphate resulted in about 
75% inhibition of the cholinesterase activity of brain, submaxillary glands, and 
serum in 24 hours. In the surviving animals, slow recovery of the enzyme activity 
was observed. Thus, two weeks after administration of this dose of the compound, 
the cholinesterase activity of brain remained 50% inhibited, while the enzyme 
activity of serum and submaxillary gland was about 25% inhibited. After the admin- 
istration of 500 mg. per kilogram of malathon, the inhibition of cholinesterase activity 
of the tissues was also slowly reversible. The results of these experiments demon- 
strated that several days are required for recovery of the cholinesterase activity of 
the tissues after administration of sublethal toxic doses of malathon, chlorothion, 
and tetrapropyl dithionopyrophosphate. The prolonged depression of cholinesterase 
activity is consistent with the long duration of cholinergic effects observed in 
poisoned animals after single sublethal doses of the compound. 

Because of the possibility of frequent repeated exposure to these thionophosphates 
during their use as insecticides, measurements of the extent to which they are capable 
of producing subacute poisoning are of considerable importance. The prolonged 
depression of cholinesterase activity of the tissues after administration of single 
sublethal doses of the compounds made it seem likely that the daily administration 
of repeated doses would result in a cumulative toxic action. The toxicity data shown 
in Table 2 demonstrate that all the compounds are capable of producing subacute 
poisoning in rats. To determine the effect of repeated doses of chlorothion, malathon, 
and tetrapropyl dithionopyrophosphate on cholinesterase activity, rats were given 
daily intraperitoneal injections of the compounds, and groups, each containing three 
animals, were then killed at frequent intervals for cholinesterase measurements on 
serum, brain, and submaxillary gland. The effects of a daily intraperitoneal adminis- 
tration of 300 mg. per kilogram of malathon on the cholinesterase activity of these 
tissues are shown in Chart 1. These data demonstrate that a daily dose of 300 mg. per 
kilogram of malathon produces a cumulative inhibitory action on the cholinesterase 
activity of all the tissues. A progressive decrease in the enzyme activity of brain, sub- 
maxillary gland, and serum occurred during the five-day period of treatment. Rats 
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could not tolerate longer periods of treatment with this dosage. Depression of the 
enzyme activity of serum was more pronounced and occurred more rapidly than did 
the inhibitory effect on other tissues. The rapid onset of the inhibitory effect on 
serum cholinesterase has practical significance, because it indicates that exposure to 
malathon can be detected by serum cholinesterase measurements before the onset 
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Chart 1.—Effects of daily doses of 300 mg. per kilogram of malathon given intraperitoneally 
on the cholinesterase activity of rat tissues. Curve A, brain; Curve B, submaxillary gland, and 
Curve C, serum. 
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Chart 2.—Effects of daily doses of 100 mg. per kilogram of tetrapropyl dithionopy rophosphate 


given intraperitoneally on the cholinesterase activity of rat tissues. Curve 4, brain; Curve B, 
submaxillary gland, and Curve C, serum. 


of inhibition of the enzyme activity in the nervous system. The administration of 
200 mg. per kilogram of malathon daily also produced a progressive decrease in the 
cholinesterase activity of the tissues, but only serum showed a decrease in activity 
after treatment for seven days with 100 mg. per kilogram of malathon. 

The administration of daily doses of 100 mg. per kilogram of tetrapropyl 
dithionopyrophosphate also produced a cumulative inhibitory action on cholinesterase 
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in vivo, as shown by the data in Chart 2, in which each point on the curves repre- 
sents an average of measurements on tissues from three animals. As was the case 
with malathon, the serum cholinesterase was decreased to the greatest extent, and 
the inhibition in this tissue occurred before depression of the activity in other tissues. 
Similar effects on the cholinesterase activity of rat tissues were noted when chlo- 
tothion was administered at daily intervals. Thus, when 200 mg. per kilogram of 
chlorothion was administered each day to rats, a rapid decrease in the cholinesterase 
levels of the tissues to less than 25% of the normal values was noted within the first 
3 days, and rats were unable to tolerate this daily dose for more than 5 to 10 days. 
Daily doses of 100 mg. per kilogram of the compound caused a decrease in the 
cholinesterase activity of all the tissues to less than 50% of normal in five days. The 
rate of decrease in the cholinesterase activity of serum, brain, and submaxillary 
gland of rats after administration of 50 mg. per kilogram of chlorothion per day is 
shown in Chart 3, in which each value shown on the curves is an average for three 


ACTIVITY — 


% OF CONTRO 


DAYS 


Chart 3.—Effects of daily doses of 50 mg. per kilogram of chlorothion given intraperitoneally 
on the cholinesterase activity of rat tissues. Curve 4, brain; Curve B, submaxillary gland, and 
Curve C, serum. 


rats. These data show that the serum cholinesterase is decreased to the greatest 
extent and at the most rapid rate when chlorothion is administered daily to rats. 
The results of these experiments demonstrate that frequent administration of quanti- 
ties of chlorothion, malathon, and tetrapropyl dithionopyrophosphate considerably 
below the L.D.59 dose produces a progressive decrease in the cholinesterase activity 
of the tissues, and this effect undoubtedly accounts for the cholinergic symptoms and 
the cumulative toxic action resulting from repeated doses of these compounds. 


COMMENT 


This investigation was conducted to ascertain the toxicity and mechanism of 
action of some new thionophosphates with insecticidal activity in order to obtain 
data on which to base an assessment of their potential hazards to man. The com- 
pounds included in this study were the O,O-dimethyl dithiophosphate of diethyl 
mercaptosuccinate (malathon ; 4049), p-nitro-m-chlorophenyl dimethyl thionophos- 
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phate (chlorothi6n), and tetrapropyl dithionopyrophosphate (E 8573). Measure- 
ments of the acute toxicity of these compounds to rats indicated that the approximate 
L.D.59 when administered intraperitoneally was close to 750 mg. per kilogram for 
chlorothion and malathon and to 1,100 mg. per kilogram for tetrapropyl dithiono- 
pyrophosphate. The L.D.59 values by the oral route of administration were in the 
vicinity of 1,500 mg. per kilogram for the three compounds. Thus, the acute toxicity 
of these compounds is low when compared with the thionophosphates currently in 
use as insecticides. Since there is generally no appreciable species difference in sus- 
ceptibility to the cholinergic organic phosphates, it is likely that high doses of the 
compounds would be necessary in order to produce acute poisoning in man. The 
approximate twofold difference between the oral and the intraperitoneal toxicities 
of the compounds is an indication that they are not readily absorbed from the 
gastrointestinal tract. Hagan ® has reported an L.D.59 value of 50 mg. per kilogram 
for malathon given intravenously. When this value is compared with the toxicity 
data obtained by intraperitoneal or oral administration, the influence of poor absorp- 
tion from the peritoneal cavity and gastrointestinal tract on the toxicity of these 
thionophosphates to mammals is emphasized. 

Acutely toxic doses of all the compounds produce symptoms resembling those 
resulting from excessive stimulation of the parasympathetic nervous system, the 
central nervous system, and the somatic motor nerves. The symptoms are typical 
of cholinergic drugs and resemble in particular those produced by parathion,’ except 
that there is a delay in the onset of maximal symptoms and a prolonged duration of 
action after single doses of these compounds. The slow onset of action is probably 
due mainly to slow absorption of the compounds into the central and peripheral 
nervous systems. 

The cholinergic action of these compounds is explainable on the basis of their 
ability to inhibit the cholinesterase activity of animal tissues. All the compounds 
gain access to and inhibit the cholinesterase activity of all tissues in vivo. Although 
serum cholinesterase is less sensitive to the inhibitory action of these compounds 
in vitro, the enzyme activity of serum is depressed before that of other tissues in 
the intact animal poisoned by these agents. This is probably due to slow absorption 
of the compounds from the blood into the nervous system, thus allowing serum to 
be exposed to a greater concentration of the compounds than other tissues in the 
intact animal. Practical use of serum cholinesterase measurements can be made to 
detect exposure of man to these agents before the advent of toxic symptoms. The 
results of this investigation suggest that one of the important factors responsible 
for the relatively low toxicity of chlorothion, tetrapropyl dithionopyrophosphate, 
and malathon to mammals is poor absorption of the compounds. 

The American Cyanamid Company, New York, supplied the malathon, Victor Chemical 


Works, Chicago Heights, Ill., the tetrapropyl dithionopyrophosphate, and Mr. Robert J. Geary, 
Blue Point, Long Island, N. Y., the chlorothion employed in this investigation. 


APPLICATIONS OF X-RAY DIFFRACTION ANALYSIS IN THE 
ENVIRONMENTAL FIELD 


D. LENNOX, B.A. 
AND 


J. LEROUX, B.A. 
OTTAWA, ONT., CANADA 


PPLICATION of x-ray diffraction in the environmental field has been largely 

confined to rapid analysis for quartz, the simplicity of the technique being 
striking in contrast to the chemical method which is time-consuming and difficult to 
perform with accuracy. Many other applications of x-ray diffraction in environmen- 
tal analysis are possible, as numerous toxic compounds occur in crystalline form or 
may be crystallized from other states. “It is the purpose of this paper to describe 
applications which have been developed in our laboratory. 

X-ray diffraction analysis generally requires crystalline materials. In practice, 
these substances may be analyzed in the powder form by means of a special camera 
or a Geiger counter spectrometer. In the powder camera, the diffraction pattern of 
the sample is recorded on a photographic film, and compounds present in the sample 
may be identified by the position and relative intensities of the lines on the film, 
either by comparison with those of a standard film or by use of a card index of 
standard x-ray spectra. With the spectrometer, the diffracted intensities are 
recorded directly on a strip chart after having been registered by a Geiger counter. 
In this case, comparison is made with standard strip charts, or the card index may 
again be used. 

Since two crystalline materials cannot have the same diffraction pattern, this 
technique is extremely valuable for identification purposes. The sample is not 
affected, and this allows identification of the actual molecular structure of the sample. 
It is generally possible to identify each component of a powder mixture, provided 
that the patterns do not superpose and become too complicated for identification. 
However, as will be demonstrated in a few examples in this paper, such cases can 
usually be dealt with by simple physical or chemical separations to permit identifi- 
cation of individual components by subsequent diffraction test. 


EXPERIMENTAL PROCEDURES 


Equipment.—Most of the experiments described in this paper were carried out with the new 


and improved Norelco Geiger counter x-ray spectrometer described by Parrish.1 This is 
shown in Figure 1. 


This paper was originally presented at the Fourteenth Annual Meeting of the American 
Industrial Hygiene Association, Los Angeles, April 23, 1953. 


1. Parrish, W.: X-Ray Powder Diffraction Analysis Film and Geiger Counter Techniques, 
Science 110:368, 1949. 
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Fig. 1—Norelco Geiger counter x-ray spectrometer. 


Vertical lines show positions 
of diffraction maxima observed 
on film. 
Numbers indicate three main 


3 


10 18 26 34 42 50 


Fig. 2—Comparison of film and Geiger counter recording. Vertical scale is an arbitrary 
intensity scale; horizontal scale gives angular positions of diffraction maxima. 
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With samples not smaller than 1 mg. 
quantities at present require the use of the camera. 
camera and the spectrometer is given in Figure 2 
fungicide. 


, the spectrometer gives superior results. Smaller 


A comparison of recordings by both the 
The sample was a newly synthesized organic 
The amount used on a binder slide for the spectrometer was only 1.8 mg. The 
faintest lines recorded by the film (indicated in bold) have been also picked up by the spectro- 
meter, indicating its high sensitivity. The resolution of the spectrometer is greater than the 
camera, as can be seen on examination of the group of three lines at 28.4° (26). This group 
is seen as a single broad line on the camera film, and the individual components are not resolved. 
In addition, results may be obtained more quickly with the spectrometer. The total time 
including preparation and interpretation, was 45 minutes for the spectrometer, as opposed to 
about 10 hours for the camera in this case. Where components are present in larger per- 
centage, camera time may be reduced, but it can rarely match the speed of the spectrometer. 


A 


Fig. 3.—4, x-ray diffraction patterns of three materials, asbestos, mica, and beryllium oxide, 
reported as dange rous agents in the production of lung fibrosis. B, x-ray diffraction analyses of 


lung ash (>), showing presence in lungs of same constitutents, quartz and talc, as were found 
in dust collected from workers’ environment (a). 


Sample Preparation —Sample preparation requires as a basis that the sample be in crystalline 
powder form. The specific method of approach to this requirement will depend on the original 
physical state of the material. For instance, if the material is in solution 


, it can be isolated by 
evaporation of the solvent. 


If mixed with other crystallites having superposing patterns, it can 
be isolated from the mixture by physical or chemical means, such as calcination, centrifugation, 
or the use of chemical reagents having selective reactions on the components of the mixture. 
As a rule, the grain size of the powder to be x-ray analyzed must be smaller ‘than 444 and 
the amount large enough to give sufficient diffracted intensity. For a quantity smaller than 1 
mg., we have used in these experiments the x-ray diffraction camera, the sample being mixed 
with a suitable adhesive and coated on a glass fiber or, alternatively, being placed inside a glass 


| 
| B 
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capillary tube. For larger quantities, the x-ray spectrometer was used. For qualitative analysis, 
the sample was diluted in a nonsolvent liquid and coated on a glass slide. 
work, it was packed dry in an aluminum slide. 

It may be stated that most materials which can be qualitatively identified by x-ray spectro- 


meter can generally be measured quantitatively after preparation of necessary standardization 
curves. 


For quantitative 


(b) Ceramic Material 


q- Quartz 
f - Feldspar 


AN 


34 42 50 58 66 


Fig. 4.—Identification of calcium fluoride in a ceramic material. 


APPLICATIONS TO ANALYSIS FOR TOXICANTS 


A. Pneumoconiosis Studies——There are, besides quartz, four important indus- 
trial products which have been reported as dangerous agents in the production of 
lung fibrosis. These are beryllium compounds? and three silicates which do not 


2. Hardy, H. L., and Tabershaw, I. R.: Delayed Chemical Pneumonitis Occurring in 
Workers Exposed to Beryllium Compounds, J. Indust. Hyg. & Toxicol. 28:197, 1946. 
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contain free quartz, namely, asbestos, mica, and talc.* The identification of beryl- 
lium compounds is usually made by chemical analysis which is time-consuming even 
when the material is present in a large quantity.* Currently, the best criteria of 
identification for asbestos, mica, and tale are studies of their refractive indices, 
together with chemical analysis. These compounds are, however, easily analyzed by 
x-ray diffraction because of their ability to produce sharp and well defined x-ray 


BAGHOUSE DUST 


50° 66° 


Fig. 5.—Identification of arsenic trioxide in a sample of baghouse dust. 


patterns. Figure 3A shows tracings for asbestos, mica, and beryllium oxide, respec- 
tively. Figure 3B demonstrates the use of x-ray diffraction as a means of compari- 


3. Sayers, R. R., and Dreessen, W. C.: Asbestosis, Am. J. Pub. Health 29:205, 1939. 
Dreessen, W.; Dallavalle, J. M.; Edwards, T. I.; Sayers, R. R.; Easom, H. F., and Trice, 
M. F.: Pneumonoconiosis Among Mica and Pegmatite Workers, Public Health Bulletin 250, 
U. S. Public Health Service, 1940. Dreessen, W. C., and Dallavalle, J. M.: The Effects of 
Exposure to Dust in Two Georgia Talc Mills and Mines, Pub. Health Rep. 50:131, 1935. 

4. White, C. E., and Towe, C. S.: Fluorescent Tests of Beryllium and Thorium, Indust. 
& Engin. Chem. (Anal.) 13:809, 1941. 
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son of dusts found in the atmosphere of mines with those found in the ashes of the 
lungs of workers previously employed in these mines. In the first case, the dust 
contained quartz and a slight amount of cristobalite. The second sample was talc. 
Such an identification of dust constituents in the lung ash has obvious usefulness in 
establishing a definite connection with environmental exposure. 


Fig. 6—X-ray diffraction patterns of vanadium compounds. 


B. Metallic Compounds.—A systematic x-ray diffraction study of metallic com- 
pounds has not been attempted, but these compounds, being crystalline, are good 
prospects for x-ray diffraction. For example, fluorite (calcium fluoride) used in 
ceramic materials and arsenic trioxide from roaster fumes can be checked for their 
presence by x-ray diffraction. In Figure 4 is shown the tracing (a) of pure fluorite 
which can be identified also on the tracing (b) of a ceramic material sent to us 
from Newfoundland containing some quartz and feldspar in addition to fluorite. 
In Figure 5 are shown tracings of a sample of chemically pure arsenic trioxide (a) 
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DIELDRIN 


ENDRIN 


CHLORDANE 


L 


34° 42° ss 


Fig. 7.—X-ray diffraction patterns of six pure insecticides. 
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and of the dust removed from a baghouse dust collector installed in a foundry pro- 
cessing arsenic-bearing ores (b). In addition to these two toxic materials, similar 
studies should be possible for samples involving cobalt, columbium, germanium, 
lead, molybdenum, rubidium, cerium, vanadium, zinc, and zirconium compounds, 
since these toxic materials are usually found in crystalline form in ores or finished 
products. Figure 6 shows tracings of vanadium pentoxide, ammonium metavana- 
date, sodium metavanadate monohydrate, and sodium dihydrogen polyvanadate 
which yield clear contours. 

C. Organic Insecticides —Recent studies on insecticidal sprays and dusts have 
necessitated analysis of collected air-borne material. Some types of organic insecti- 


A 3} 


C . TRADE FORMULATION 


Fig. 8—Tracings for the analysis of trade formulations 7.5% DDT (A) and 50% DDT (B). 


cides are found in well-crystallized form yielding excellent patterns for x-ray dif- 
fraction analysis. Six widely used chlorinated hydrocarbon insecticides were chosen 
as examples—DDT,’ Lindane,® aldrin,’ dieldrin,* endrin,? and gamma-chlordane.’® 


5. D.D.T.—1, 1, 1-trichloro—2, 2-bis (P-chlorophenyl) ethane (CiuHoCls). 

6. Lindane—l, 2, 3, 4, 5, 6-hexachlorocyclohexane (CsHsCle). 

7. Aldrin—1, 2, 3, 4, 10, 10-hexachloro—1, 4, 4a, 5, 8, 8a-hexahydro—1, 4, 5, 8-dimethano- 
naphthalene (Ci2HsCle). 

8. Dieldrin—1, 2, 3, 4, 10, 10-hexachloro—6, 7-epoxy—l, 4, 4a, 5, 6, 7, 8, 8a-octahydro— 
1, 4, 5, 8-dimethanonaphthalene (CiszHsCleO). 

9. Endrin—endo isomer of dieldrin. 

10. Chlordane—1, 2, 4, 5, 6, 7, 8, 8-octachloro—4, 7-methane—3a, 4, 7, 7a-tetra hydroindane 
(Ci2H6Cls). 
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‘Tracings for these six insecticides are shown in Figure 7. The similarity of the 
three tracings of aldrin, dieldrin, and endrin is striking. Nevertheless, there are 
sufficient dissimilarities in the patterns of the three to allow identification. 

Tracings were also obtained for trade formulations containing various concen- 
trations of the above-mentioned insecticides in carrier powders, such as bentonite. 
Frequently, petroleum oil is used for increasing the adhesion efficiency of the toxi- 
cant. Due to the partial solubility of the toxicant in the oil and to the confusing 
superposition of the carrier pattern on the toxicant pattern, identification of the 


B 


A. PURE TOXICANT 


ISOLATED TOXICANT 


se 


Fig. 9—Tracings for the analysis of trade formulations 25% lindane (4) and 20% aldrin 


(B). 


toxicant is almost impossible, as can be seen on the tracing labeled “Trade Formu- 
lation” in Figure 84 for 7.5% DDT powder. Fortunately, most of these chlorinated 
toxicants are extremely soluble in organic solvents and were easily extracted from 
the various trade formulations by separation through chromatographic columns 
with acetone or benzene. It is evident from Figure 8A that identification of the 
toxicant may be accomplished by this treatment. In the six cases studied, any 
attempt to identify clearly the other insecticides directly from the trade formula- 
tions was also frustrated by the interfering lines of the carriers. On the other hand, 
the comparison of each tracing of the isolated toxicant with that of the correspond- 
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ing standard offered an immediate check on identity of the active material in the 
trade formulation. Thus, the tracings of the toxicants isolated from the trade 
formulations labeled 50% DDT, 25% Lindane, and 20% aldrin also matched well 
with those of the corresponding standard tracings, as will be seen in Figures 8B 
and 9. However, the tracing of the toxicant extracted from the trade formulation 
labeled 5% chlordane (Figure 104) does not agree closely with the standard trac- 
ing, and further extraction and recrystallization failed to improve the pattern. This 
was not unexpected as the manufacturing process for chlordane has only recently 


A 


8 . ISOLATED TOXICANT 


C . TRADE FORMULATION 
i 


| D CARRIER 


slid 


Fig. 10.—Tracings for the analysis of trade formulations 5% chlordane (A) and 2.5% diel- 
drin (B). 


yielded a pure material. In the case of the product labeled 2.5% dieldrin, the trac- 
ings of the extracted toxicant and the standard as shown in Figure 10B are quite 
unrelated. To establish that the extraction process had not interfered, crystalline diel- 
drin was put through the process and came out unchanged. Further samples of 
dieldrin are being obtained, and this aspect will be investigated. 

It is felt that no other known analytical technique would have provided as rapid 
identification of these materials. The preliminary steps of separation of the insecti- 
cides from the carriers would have been required also by other techniques, such as 
infrared and ultraviolet spectrometry, melting-point tests, and color-spot tests. 


| 
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URBAN AIR POLLUTION 


In recent years urban air-pollution study has become increasingly important. 
Chemical techniques, electron microscopy, and emission spectrography "' have all 
been employed in the identification of particulate matter, but x-ray diffraction has 
not been actively exploited. 

Since direct identification of the compounds present in air-borne dusts should 
be possible with x-ray diffraction techniques, a number of such dusts were collected 
and have been analyzed. 


CALCITE 


Fig. 11.—Analysis by x-ray diffraction of air-borne particulate matter. A shows typical 
powder patterns of air-borne dusts; B shows presence of quartz and calcite in Windsor No. 1. 


The top three x-ray diffraction photographs in Figure 11 show diffraction pat- 
terns of typical air-borne dusts collected with a high-volume sampler. The powder 
analyzed was in this case the portion of the original sample passing through a 325 
mesh screen. This served to remove unwanted material, such as fibrous matter 
from the filter and small insects trapped by the sampler. The patterns of the air- 
borne dusts are strikingly similar despite differences in origin. Quartz and calcite 


11. Third Interim Report on the Smog Problem in Los Angeles County, Los Angeles, 
Stanford Research Institute, 1950. 
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can be identified as the most prominent constituents. Gaypsum has also been shown 
to be present in smaller quantities. The remaining lines in the patterns are strongly 
suggestive of iron oxide, probably Fe2O3 or Fe3Q.. 

It is conceivable that the use of separation procedures, such as separation of the 
< 44 fraction (325 mesh) into narrow size ranges, will furnish further informa- 
tion about the compounds present, and this type of investigation is now in progress 
in conjunction with electron microscopy. 

Quantitative Analysis—The discussion so far has been concerned mainly with 
qualitative analysis. Quantitative analysis is complicated by the effect of x-ray 
absorption in the sample. Because of absorption, diffracted intensities are not simple 
linear functions of concentration, and the analytical method used must in some way 
take the absorption effect into account. 

Two methods are available. The first is known as the “internal standard” tech- 
nique. This consists of mixing the unknown and a suitable powder known as the 
internal standard in definite proportions and comparing the intensities of a strong 
line of the tested material and a strong line of the internal standard. This technique 


has proved time-consuming and has led to uncertainties with regard to uniformity of 
the internal standard mixture. 


A recent paper from our laboratory ‘* reports an experimental solution based 
on the theoretical relationship between absorption and diffraction. In this technique 
no internal standard is added, and an absorption measurement is correlated with the 
conventional diffraction measurement. Our test crystallite was quartz, although the 
technique should be suitable for quantitative analysis of many other compounds, 
particularly those encountered as toxic materials in air. 


CONCLUSION 


By demonstrating several practical examples, this paper has shown the useful- 
ness of x-ray diffraction in identification and quantitation of many crystalline materi- 
als. The fact has been emphasized that the technique is as suitable for organic 


materials as for inorganic. Evidence has been given of the wide practicability of 
the technique. 


The scientific design and precision engineering of modern cameras and spectrom- 
eters have given these instruments high reliability, sensitivity, and accuracy. This 
paper has been presented in the hope that the illustrations given of the applications 
of x-ray diffraction to some typical problems may induce more industrial hygienists 
to consider utilizing x-ray diffraction in their own investigations. 


J. L. Monkman carried out the chromatographic separations, and Mrs. C. Powers assisted 
with sample preparation. Dr. Herbert Stokinger provided vanadium samples. 


Dr. Kingsley 
Kay gave advice and direction. 


12. Leroux, J.; Lennox, D., and Kay, K.: Direct Quantitative X-ray Analysis by a Diffrac- 
tion-Absorption Technique, Analyt. Chem. 25:740, 1953. 


TOXICITY STUDIES OF ACETONE CYANOHYDRIN 
AND ETHYLENE CYANOHYDRIN 


F. WILLIAM SUNDERMAN, M.D., Ph.D. 
AND 


JOHN F. KINCAID, Ph.D. 
PHILADELPHIA 


LTHOUGH cyanohydrins are commonly used in chemical research laboratories 

as well as in industry, little toxicological information is available pertaining 
to them. These materials are derived from the condensation of one molecule of 
hydrogen cyanide with one molecule of a ketone, an aldehyde, or an epoxide. 
Chemically, cyanohydrins may be classified into two types, depending on whether 
they are derived from an aldehyde or a ketone or from an epoxide. The former type 
has a cyanide group and a hydroxyl on the same carbon, as in acetone cyanohydrin. 
The latter type also contains both a cyanide and a hydroxyl group, but these groups 
are on different carbons, as in ethylene cyanohydrin. 


CHs 


| 
HO-C-CN 
| 
CH: HO-CH:-CH:2-CN 
Acetone cyanohydrin Ethylene cyanohydrin 


This difference in structure leads to a marked difference in chemical properties. 
Ethylene cyanohydrin is a stable material. In fact, no conditions have been reported 
which lead to the production of free hydrogen cyanide at moderate temperatures. On 
the other hand, acetone cyanohydrin is readily dissociated into its components— 
acetone and hydrogen cyanide. Thus, Stewart and Fontana! report that the dis- 
sociation in water at pH 10 or in the presence of certain amines is too fast to 
measure. In dilute solutions at equilibrium, dissociation is almost complete.? The 
commercial material is commonly stabilized with a trace of sulfuric acid, since dis- 
sociation in neutral or acid solutions is slow. The vapor pressure at 82 C. is 
23 mm. Hg; at 20 C. it is approximately 0.8 mm. 


TOXIC EFFECTS 


Ethylene Cyanohydrin.—Ethylene cyanohydrin is known to be relatively non- 
toxic. Smyth and Carpenter * indicate that in rats receiving ethylene cyanohydrin 


Division of Metabolic Research, Jefferson Medical College (Dr. Sunderman), and Rohm 
and Haas Company (Dr. Kincaid). 


1. Stewart, T. D., and Fontana, B. J.: Effect of Solvation upon the Dissociation of Acetone 
Cyanohydrin, J. Am. Chem. Soc. 62:3281-3285, 1940. 

2. Jones, W. J.: The Interaction Between Hydrogen Cyanide and Aldehydes and Ketones 
in Dilute Solutions, J. Chem. Soc. 105: 1560-1564, 1914; Proc. Chem. Soc., London $0:118, 1914. 

3. Smyth, H. F., Jr., and Carpenter, C. P.: The Place of the Range Finding Test in the 
Industrial Toxicology Laboratory, J. Indust. Hyg. & Toxicol. 26:269-273, 1944. 
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orally the L.D.59 is 10 gm. per kilogram of body weight. Hamblin * reports a mini- 
mum lethal dose by ingestion for rabbits to be between 0.9 and 1.4 gm. per kilogram 
of body weight, while the acute oral L.D.59 for mice was reported to be 1.8 gm. 
per kilogram of body weight. Cumulative effects were investigated * by feeding 
ethylene cyanohydrin to rabbits at a dosage of 0.265 gm. per kilogram of body 
weight per day for five weeks. No toxic effects were observed. 

Skin penetration tests showed moderate local irritation but no systemic toxicity 
when ethylene cyanohydrin was applied under an impervious material to the skin 
of rabbits. Doses as high as 3.8 gm. per kilogram of body weight were employed. 
Skin applications left uncovered and exposed to air produced no local irritation even 
when repeated 15 times in a period of 17 days. 

Smyth and Carpenter * report that rats are capable of inhaling the saturated 
vapor of ethylene cyanohydrin for a period of eight hours without fatalities. 

Acetone Cyanohydrin.—In studies of the oral toxicity of acetone cyanohydrin, 
Hamblin * has reported that the value of the L.D.50 for mice is approximately 15 mg. 
per kilogram of body weight. Hamblin also reports that acetone cyanohydrin readily 
penetrates the skin of rabbits and may cause death within 5 to 180 minutes. Death 
occurred in all animals when 100 mg. or more per kilogram of body weight was 
applied, whereas no deaths occurred after an application of a solution containing 
approximately 50 mg. per kilogram of body weight. In view of these facts, it is 
surprising that Sax ® states that acetone cyanohydrin “is probably toxic to humans” 
and that “it must never be ingested without the advice of a physician.” 


CLINICAL REPORTS 


No description of human poisoning from acetone cyanohydrin has been found 
in the literature, although it is known that fatalities from exposure have occurred. 


During the past 15 years the records of several persons exposed to acetone cyano- 
hydrin have been brought to our attention. The case histories of two men who 


were presumed to have died as a result of their contacts with acetone cyanohydrin 
may be briefly summarized. 


Case 1.—About 10 o'clock one morning, a plant operator had acetone cyanohydrin splashed 
on his clothing as a result of spillage from an overflowing tank. The man was instructed to 
change his clothing but did not do so. He went to lunch and afterward, about 1:00 p. m., began 
to complain of nausea. He was then referred to a dispensary, from which he was taken 
immediately to a hospital. The physician at the hospital at 2:30 p. m. pronounced him in 
satisfactory condition to resume his work and advised him to return to the plant. On return 
to work, however, he again felt nauseated and was taken to his home at 3 p. m. He became 
unconscious, convulsions developed, and he died at 4:30 p. m. No record of an autopsy is 
available. It is presumed that death in this case was caused from contact of acetone cyanohydrin 
with the skin and possibly also as a result of inhalation. 

Case 2.—A plant operator was presumed to have drunk some alcohol containing traces of 
acetone cyanohydrin. While there was no absolute proof that this was the case, nevertheless, 
the evidence suggested that the man had appropriated alcohol for his personal use from one of 
the recovery tanks which contained traces of acetone cyanohydrin. The man was found uncon- 
scious and was treated with sodium thiosulfate and sodium nitrite and was later taken to a 


4. Hamblin, D. O.: Personal communication to the authors. 


5. Sax, N. I.: Handbook of Dangerous Materials, New York, Reinhold Publishing Corpora- 
tion, 1951, p. 3. 
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hospital. He apparently regained consciousness for a time at the hospital but, nevertheless, 
died about 12 hours after admission. The body was taken to the city morgue, where an autopsy 
was performed, but no record was secured. 


A number of operators have had contact with acetone cyanohydrin in their 
work of packing pumps leading to and from storage tanks. During the past few 
years, at least three pumpers have lost consciousness during such operations. In 
each instance, the men were revived after exposure to fresh air and the cleaning 
of hands. No permanent injury was observed after such exposures. It has been 
noted that the pumpers usually have their hands covered with grease, and it has 
been inferred that when the operators’ hands are so covered the effects of the 
acetone cyanohydrin are minimal. This is also an opinion expressed by the workmen 
themselves. 

The initial symptoms following mild exposure to acetone cyanohydrin are pre- 
dominantly cardiac palpitation, headache, nausea, and vomiting. 


EXPERIMENTAL METHODS 


Wistar-strain albino rats and albino guinea pigs were used for studies on the 
toxicity of the cyanohydrins. 

Materials.—Ethylene cyanohydrin of commercial origin having a purity of 92.5% by analysis 
was used. The balance of the material was presumed to be largely water. 

Two commercial specimens of acetone cyanohydrin were employed. Sample 1 yielded analyses 
of 94.7% acetone cyanohydrin and 0.25% hydrogen cyanide. The corresponding analyses on 
Sample 2 were 94.6% and 0.19%, respectively. The balance of the material in each case was 
thought to be water. 

Vapor-Exposure Technique—Two hundred fifty milliliters of the material under investigation 
was placed in a saturator consisting of a glass vessel fitted with a sintered glass disperser 
immersed to a depth of about 5 in. (13 cm.). Air at a known rate was passed through a 
calcium chloride drying tower, through the saturator, and thence to a desiccator having a total 
void of 8 liters. The animals to be exposed were placed on the perforated plate of the desiccator. 
In all exposures the saturator was maintained at a temperature of 23 + 1 C. 

Skin-Absorption Technique—The abdominal surfaces of the guinea pigs were shaved with 
an electric razor to avoid skin cuts or abrasions. The material under test was applied to 1 in. 
(2.5 cm.) squares of cheese cloth, three thicknesses being used for the application of dosages 
of 0.2 or 0.5 ml. and one thickness for dosages of 0.1 ml. or less. These prepared patches were 
applied to the shaved areas topside down and were covered with a 2 in. (5 cm.) band of 
adhesive tape completely encircling the animals. Observation was maintained until death occurred 
or until recovery appeared to be complete. 


RESULTS 
Ethylene Cyanohydrin—To determine toxicity by skin penetration, six guinea 
pigs were treated with 0.5 ml. of ethylene cyanohydrin by the technique as described. 
There appeared to be some pain shortly after treatment, but no other symptoms 
were observed. Examination 24 hours later showed little if any skin irritation. This 
result, along with that of Hamblin * for rabbits, leads to the conclusion that ethylene 
cyanohydrin has a low toxicity by skin penetration. 

The sample used to determine toxicity by inhalation was swept with air for 
40 minutes at the rate of 0.9 liter per minute to remove volatile materials and to 
displace the air in the exposure chamber. Two rats were then exposed for one hour. 
No symptoms were observed, either immediate or delayed. Negative results were 
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also obtained when guinea pigs were substituted for rats and when a fresh lot of 
ethylene cyanohydrin was employed without previous sweeping with air. The last 
experiment was carried out to determine whether hydrogen cyanide or any other 
highly toxic and volatile impurity was present in the commercial ethylene cyano- 
hydrin used. 

Evaluation of all available data indicates that ethylene cyanohydrin has a low 
toxicity in small experimental animals by skin penetration, ingestion, and inhalation. 
Because of this and since no accidental deaths or serious poisonings have been 
reported in humans, it is concluded that the material is comparatively nontoxic 
to man. 

Acetone Cyanohydrin.—The skin penetration experiments were carried out with 
Sample 1 of acetone cyanohydrin in accordance with the technique described in the 
experimental part. The results summarized in Table 1 show that the L.D.59 is 
approximately 0.15 ml. per kilogram of body weight. This value is approximately 
twice that reported by Hamblin * for rabbits. The difference may be due to a species 
idiosyncrasy, to differences in technique, or to the semiquantitative character of 


the measurements. In any case, it is clear that acetone cyanohydrin is highly toxic 
when applied to skin. 


Tas_e 1.—To.xicity of Acetone Cyanohydrin by Skin Absorption 


No. of Animals Survival 


oad Time After 
Dosage, Ml./Keg. Exposed Dead Dosing, Hr. 


6 1-2 


Rats were used for studying the toxicity of acetone cyanohydrin by inhalation. 
Initial experiments showed that exposure to air saturated with the commercial 
material led to death in one to two minutes. In one experiment (using Sample 1 
described in the experimental part), all animals in a group of six rats were dead 
90 seconds after the beginning of exposure. 


It was suspected that the presence of free hydrogen cyanide might contribute 
materially to this high toxicity. Experience was in harmony with this hypothesis. 
For example, exposure times required to cause death were greatly increased if air 
were passed through the saturator containing a given sample of acetone cyanohydrin 
for a long period. Reproducible exposure times were obtained after the passage of 
a volume of air equal to 5,000 to 10,000 times the volume of liquid in the saturator. 
Material of greatly reduced toxicity could also be prepared by the addition of an 
aqueous solution of silver nitrate to precipitate the free hydrogen cyanide. The 
average exposure time required for death was found to be 11 minutes in air saturated 
with acetone cyanohydrin at 23 C. Fifty per cent mortality occurred in approxi- 
mately 10 minutes. These values are believed to be characteristic of material 
essentially free of uncombined hydrogen cyanide. It was observed that collapse 
occurred in an average time of four minutes. These values resulted from experiments 
in which rats were exposed individually or in pairs until respiration could no longer 
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be observed. This technique was adopted after it was observed that recovery 
frequently occurred when rats were removed from the chamber after collapse but 
before cessation of respiration. 


It is of practical interest to note that the toxicity by inhalation of acetone 
cyanohydrin free of hydrogen cyanide does not increase when such purified material 
is permitted to stand at room temperature for three days. This would suggest that 
acetone cyanohydrin is the toxic agent in the vapor phase rather than free hydrogen 
cyanide formed during the course of an experiment. A total of 125 rats were 
employed in obtaining the data reported in this section. Of these, 15 were employed 
under conditions sufficiently well controlled to justify their inclusion in the determi- 


nation of the average exposure time required for death. This estimation should thus 
be regarded as a range-finding value. 


COMMENT ON 


TREATMENT 
Acetone cyanohydrin readily dissociates into acetone and hydrogen cyanide 
under a variety of conditions which do not lead to the dissociation of ethylene 
cyanohydrin, It is therefore likely that the marked difference in toxicity of the two 


Tas_eE 2.—U'se of Nitrites and Sodium Thiosulfate for the Treatment of Poisoning by Exposure 
to Acetone Cyanohydrin Vapor 


Treated Animals 


Relation Survival 
Type of Treatment to Exposure No. Treated No. Died Time, Min. 
After 4 3 10-12-12 
After 2 1 3 
Sodium thiosulfate ................. After 2 1 3 
Sodium thiosulfate plus sodium 
After 2 0 
Sodium thiosulfate ................. Before 2 0 
Sodium thiosulfate plus sodium 
Before 


materials is due to this dissimilarity in chemical properties. It can thus be expected 
that therapy effective for the treatment of hydrogen cyanide poisoning should also 
be effective for the treatment of poisoning by acetone cyanohydrin. A brief experi- 
mental program led to results in harmony with this hypothesis. 

The procedure of Chen, Rose, and Clowes,® utilizing amyl nitrite, sodium 
nitrite, and sodium thiosulfate, has been shown to be useful for the treatment of 
poisoning by hydrogen cyanide and its salts.’ It is well known that reducing agents, 
such as the nitrites, convert oxyhemoglobin to methemoglobin. In the presence of 
cyanide, methemoglobin becomes converted into a stable nontoxic hemoglobin 
pigment, cyanmethemoglobin. The usefulness of administering thiosulfate is believed 
to be due to the formation of thiocyanate from cyanide by means of the enzyme, 
rhodanese, which Cosby and Sumner * found to be in highest concentrations in 
kidney and liver. 


6. Chen, K. K.; Rose, C. L., and Clowes, G. H. A.: The Modern Treatment of Cyanide 
Poisoning, J. Indiana M. A. 37:344-350, 1944. 


7. Wolfsie, J. H.: Treatment of Cyanide Poisoning in Industry, A. M. A. Arch. Indust. 
Hyg. 4:417-425, 1951. 


8. Cosby, E. L., and Summer, J. B.: Rhodanese, Arch, Biochem. 7:457-460, 1945. 
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Rats were exposed in groups of five to air saturated with the vapor of acetone 
cyanohydrin. Exposure was continued until cessation of respiration had occurred 
in one of the rats. Two of the surviving rats served as controls, and to the other two 
were administered nitrites and thiosulfates in an adaptation of the Chen, Rose. and 
Clowes procedure ° for the treatment of cyanide poisoning. 


The 16 control animals all died within one minute after the cessation of exposure, 
generally within 30 to 45 seconds. The therapeutic use of amyl nitrite increased the 
survival time to 10 minutes or more and saved one animal out of the group of four 
treated (Table 2). Oral administration of either sodium nitrite or sodium thiosulfate 
saved one animal out of two in each case, while the use of both sodium nitrite and 
sodium thiosulfate saved the two rats so treated. No deaths resulted when sodium 
nitrite, sodium thiosulfate, or both were administered prophylactically. Dosages 
per kilogram of body weight were the same as those recommended by Chen, Rose, 
and Clowes ° for administration to humans. 

Our studies support the view that the toxic action of acetone cyanohydrin is 
associated with the in vivo liberation of hydrogen cyanide. Moreover, nitrites and 
sodium thiosulfate have been shown to be effective therapeutic agents when adminis- 
tered to rats poisoned with acetone cyanohydrin vapor. We are therefore led to 
infer that these agents if given in accordance with the Chen, Rose, and Clowes ° 
procedure should be useful in the treatment of humans poisoned by acetone cyano- 
hydrin. 

SUMMARY 

The cyanohydrins may be classified chemically into two types, as exemplified 
by acetone cyanohydrin and ethylene cyanohydrin. The difference in structure of 
these two types leads to a difference in chemical properties and toxicologic behavior. 
Acetone cyanohydrin dissociates readily and has the high toxicity characteristic of 
cyanides. Ethylene cyanohydrin is stable chemically and is relatively nontoxic. 

Rats exposed to the vapors of commercial grades of acetone cyanohydrin were 
observed to die within 90 seconds or less after the beginning of exposure. It was 
found that the presence of approximately 0.2% of free hydrogen cyanide contributed 
to this high degree of toxicity. When this free hydrogen cyanide was removed, a 
mortality rate of 50% was observed when rats were exposed to air saturated with 
purified acetone cyanohydrin at room temperature for 10 minutes. 

The L.D.59 of acetone cyanohydrin by skin penetration is approximately 150 mg. 
per kilogram of body weight for guinea pigs. 

It is concluded that nitrites and sodium thiosulfate are effective agents in 
treating experimental animals poisoned with acetone cyanohydrin. 

Reports are given of two accidental deaths in humans, both ascribed to acetone 
cyanohydrin. 


Mr. E. K. West rendered technical assistance. 


TOXICITY AND HAZARD OF DIISOBUTYL KETONE VAPORS 


C. P. CARPENTER, Ph.D. 


U. C. POZZANI, MS. 
AND 
C. S. WEIL, M.A. 
PITTSBURGH 


IISOBUTYL ketone has found considerable use as a solvent for nitrocellulose, 
milled crepe rubber, Vinylite,’ and synthetic coatings and as a dispersant for 
organosol-type resins. It is also used as an intermediate in the synthesis of inhibitors, 
dyes, pharmaceuticals, and insecticides. The widespread use of diisobutyl ketone in 
the chemical industries has prompted the investigation of its physiological effects. 
Work performed earlier in this laboratory has indicated that the single oral 
toxicity of diisobutyl ketone for rats. is relatively slight, as the L.D.59 value was 
found to be 5.8 (4.7 to 7.1) gm./kg. The L.D.59 value for the ketone in rabbit-skin 
penetration studies was greater than 20 ml./kg., indicating slight toxicity by the 
percutaneous route of administration.*. In addition, six female rats survived a 
single four-hour exposure to saturated vapors approaching a concentration of 2,300 
ppm of diisobutyl ketone, but an exposure to a metered concentration of 2,000 ppm 
for eight hours proved fatal for five of six female rats.* 

McQOmie and Anderson reported that rats and guinea pigs survived single 
exposures to saturated vapors of diisobutyl ketone for periods ranging from 7% 
to 16 hours.* The only repeated-inhalation work on diisobutyl ketone found in the 
literature was performed by the same authors. They reported that mice survived 
12 exposures of three hours each to saturated vapors of diisobutyl ketone. The 
paucity of data concerning repeated vapor exposure to diisobutyl ketone and the 
conflicting single-inhalation data on rats indicate the need for more intensive investi- 
gation of the toxicity and hazard of this compound. 


CHEMICAL PROPERTIES 


Diisobutyl ketone,’ designated as 2,6-dimethylheptanone-+ by the International 
Union of Chemistry nomenclature, has a molecular weight of 142.23, a boiling point 


This work was done by the Chemical Hygiene Fellowship of Mellon Institute. 

1. Trade name—product of Union Carbide and Carbon Corp., New York. 

2. Smyth, H. F., Jr.; Carpenter, C. P., and Weil, C. S.: Range-Finding Toxicity Data: 
List III, J. Indust. Hyg. & Toxicol. 31:60, 1949. 

3. Smyth and others.2, Carpenter, C. P.; Smyth, H. F., Jr., and Pozzani, U. C.: The Assay 
of Acute Vapor Toxicity and the Grading and Interpretation of Results on 96 Chemical Com- 
pounds, J. Indust. Hyg. & Toxicol. 31:343, 1949. 

4. McOmie, W. A., and Anderson, H. H.: Comparative Toxicologic Effects of Some Iso- 
butyl Carbinols and Ketones, Univ. California Publ. Pharmacol. 2:217, 1949. 

5. Furnished by Carbide and Carbon Chemicals Co., a division of Union Carbide and Carbon 
Corp. 
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of 168.1 C. at 760 mm., a vapor pressure of 1.7 mm. at 20 C., and a specific gravity 
of 0.8089 20/20 C., and at 760 mm. and 25 C. 1 mg./liter of the ketone vapors 
equals 171.92 ppm. 


EXPERIMENTAL PROCEDURE 


The Sherman stock rats used for both single and repeated vapor studies were reared in 
our own colony and were maintained from time of weaning on Rockland rat diet (complete). 

Single Vapor Exposures——Groups of six rats were used for the single exposures. Victims 
were autopsied as soon as possible after death, and survivors were weighed and killed 14 days 
after exposure. Substantially saturated vapors approaching a concentration of 2,300 ppm of 
diisobutyl ketone were produced by forcing dried air at a rate of 2.5 liters per minute through a 
gas-washing bottle provided with a fritted glass disc. A 50 ml. charge of the ketone was used 
for each test. The resultant air-vapor mixture was then introduced into a 9 liter desiccator 
which contained the rats. 

Controlled concentrations of diisobutyl ketone vapors were produced by introducing the liquid 
ketone from a motor-driven syringe into a pyrex evaporator.* The diluting air stream neces- 
sary to attain the desired vapor concentration was measured by means of a Fischer-Porter 
Rotameter and was led under positive pressure into the 9 liter desiccator which served as the 
exposure chamber. 


Repeated Inhalation Exposures—Groups of 15 male and 15 female rats were used for each 
of the repeated inhalation tests. Each group was exposed seven hours per day, five days per 
week for six weeks to a given concentration of diisobutyl ketone vapors. Nominal concentrations 
of 2,000, 1,000, 500, 250, and 125 ppm were used. In addition to the rats, groups of 10 male 
mixed-strain guinea pigs were exposed at the 250 and 125 ppm levels. Control animal groups 
were handled in a manner identical in every respect to that of the treated groups, with the excep- 
tion that no ketone vapors were introduced into the chambers. 

In all cases, animal groups larger than the actual exposure groups were subjected to a con- 
ditioning run for five days. To comply with the conditions to be met in the actual exposures, 
food and water were withheld for a period of seven hours while the animals were in the 
chambers. Heated air entered the chambers under slight negative pressure at a rate calculated 
to insure approximately one chamber air change every five minutes. Only animals which did 
not lose weight during the conditioning run and whose weights were within two standard devia- 


tions of the mean group weight were distributed at random among the various exposure and 
control groups. 


The range of mean weights of the male and female rats and of the male guinea pigs was 
145 to 197 gm., 128 to 162 gm., and 288 to 360 gm., respectively. All animals were weighed 
weekly ; the livers and kidneys were also weighed at the termination of the study. Portions of 
the lung, liver, kidney, spleen, and adrenals of the animals exposed at the nominal 2,000, 1,000, 
500, and 250 ppm levels were taken for histopathological examination, while only lung, liver, and 
kidney samples were taken from the animals exposed at the 125 ppm level. 


A motor-driven syringe was used to deliver the liquid ketone for the 125 ppm exposure. The 
displacement-type proportioning pump as described by Irish and Adams? was used for all other 
exposures. 

The concentration of the ketone vapors in the exposure chambers was checked four times 
daily with a portable Zeiss Interferometer. The instrument was calibrated by an analytical 
method similar to that described by Haggard.8 The ketone vapors were flushed through a 2 liter 
flask by means of suction. The flask was then attached to a U-tube containing I.0; at 200C., 
and the vapors were pulled through the tube at 0.5 liters per minute. 


6. Pozzani, U. C.; Weil, C. S., and Carpenter, C. P.: Subacute Vapor Toxicity and Range- 
Finding Data for Ethyl Acrylate, J. Indust. Hyg. & Toxicol. 31:311, 1949. 

7. Irish, D. D., and Adams, E. M.: Apparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med., Indust. Hyg. Sect. 1:1, 1940. 

8. Haggard, H. W.: An Accurate Method of Determining Small Amounts of Ethyl Ether 
in Air, Blood, and Other Fluids Together with a Determination of the Coefficient of Distribution 
of Ether Between Air and Blood at Various Temperatures, J. Biol. Chem. 55:131, 1923. 
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5(CsH»)2CO + 261.0; 45CO, + 45H:0 + 261, 


The liberated iodine was then absorbed in 10% KI and titrated with 0.10 N sodium thiosulfate 
against starch indicator 


1 ml. N/10 Na2S:O3 <> 1.37 mg. (CsH»)sCO 


Each scale division on the interferometer was thus found to represent 11.4 ppm of diisobutyl 
ketone. 


RESULTS 


Single Vapor Exposures.—Seven of 12 female rats succumbed to an eight-hour 
exposure to 2,000 ppm of diiosobutyl ketone. Although this result is comparable 
with our work published previously,® it contrasts with that of McOmie and Ander- 
son, who reported that rats and guinea pigs survived single exposures ranging from 
7% to 16 hours to saturated vapors of this ketone.t However, male rats survived 
the same treatment that was fatal for the females, an observation which may possibly 
indicate a sex difference in susceptibility to diisobutyl ketone vapors. 

In order to resolve the discrepancy between the results of our single vapor 
exposures performed on Sherman stock rats and those of McOmie and Anderson, 
who did not specify the stock or sex of the rats used, our tests were repeated on 


Response of Rats and Guinea Pigs to Vapors of Diisobutyl Ketone for Thirty Days* 


Guinea 


Species 


Approx. obs. cone., ppm 


Mortality 


Mean wt. gain of survivors, in gm............. N — — oO oO 0 
BE. Of N + + + + + + oO — oO 
Kidney wt. as % of body wt.........ccsccecsces N + + + + + + oO 0 Oo 0 Oo 


* Explanation of symbols: O, no statistically significant deviation from controls; —, deviation below 
controls statistically significant; +, deviation above controls statistically significant; N, no data, because 
all animals died before 30 days. 


Carworth Farm Wistar stock rats. The results obtained with these rats were in 
agreement with those of McOmie and Anderson. Both males and females survived 
single eight-hour exposure to 2,000 ppm of diisobutyl ketone vapors. Therefore, a 
difference in susceptibility among stocks of rats to diisobutyl ketone vapors appears 
likely. 

Repeated Vapor Exposures——The average of the daily mean concentrations of 
diisobutyl ketone vapors for the nominal 2,000, 1,000, 500, 250, and 125 ppm 
repeated 30-day exposures, as determined by the calibrated Zeiss Interferometer, 
were 1,653.9, 924.6, 533.6, 251.8, and 124.8 ppm, respectively. Correspondingly, 
the standard error of the means were 18.8, 11.3, 18.4, 4.6, and 1.1 ppm. For ease of 
discussion, the above concentrations will henceforth be referred to as 1,650, 920, 
530, 250, and 125 ppm, respectively. 

The statistically significant differences of the various criteria used to judge the 
effects of the exposures are indicated in the Table. 

The most striking finding was the greater susceptibility of female rats as com- 
pared with males. At the 1,650 ppm exposure level, all the 15 females died during 
the first day; whereas only 2 of 15 males succumbed. However, all males were 


Rats Pigs 
1,650 920 530 250 125 250 125 
F M F M F M F M M M 
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prostrate at the end of the first day, and approximately half exhibited poor coordina- 
tion at the end of the second exposure. These symptoms were not noticed during 
any of the remaining 28 exposure days. This observed sex difference in response 
serves to confirm the findings for the single exposures, that 7 of 12 females died in 
an eight-hour exposure to 2,000 ppm of diisobutyl ketone, whereas 6 of 6 males 
survived similar treatment. 

The 12 males that survived the 1,650 ppm exposure for 30 days had a signifi- 
cantly lower body weight and higher kidney and liver weights than the controls. 
No major pathology as represented by irreversible tissue damage was noted in the 
adrenal, kidney, liver, lung, or spleen. Minor pathology as represented by reversible 
tissue damage consisted of five cases of cloudy swelling of the liver and eight cases 
of moderate lung congestion. Five of 15 control males showed similar lung involve- 
ment. Major kidney, liver, and lung pathology was found in both male and female 
rats that died during the first exposure day. 

No toxic deaths were observed among the rats exposed to 920, 530, 250, and 125 
ppm of diisobutyl ketone for 30 days. Moreover, none of the symptoms noted at the 
1,650 ppm level were observed. There were significant weight increases in the livers 
and kidneys of both sexes exposed at the 920 and 530 ppm levels. Similar organ 
weight increases were observed among the female rats exposed at the 250 ppm 
level, another indication of the sex difference in response to diisobutyl ketone vapors. 
Both sexes were unaffected by the 125 ppm exposure. 

The only statistically significant response of the male guinea pigs was a lowered 
liver weight at the 250 ppm level, the physiological significance of which has not as 
yet been ascertained in this laboratory. No toxic response was noted in the male 
guinea pigs exposed at the 125 ppm level. 


Thus it is seen that the “no effect” level of diisobutyl ketone for both rats and 
guinea pigs is 125 ppm for exposures seven hours per day for 30 days. However, 
it is very possible that guinea pigs are unaffected by 250 ppm, as these animals 
exhibited only the lowered liver weight after a 30-day exposure. 


SINGLE HUMAN EXPOSURES 


The sensory response of humans to diisobutyl ketone vapors was investigated 
by Silverman and co-workers.* They estimated that 25 ppm of the ketone vapors 
was the highest concentration that man would consider “satisfactory” for an eight- 
hour exposure. An attempt to confirm Silverman’s work was made by means of two 
male subjects, 25 and 32 years of age, who inhaled 50 ppm of diisobutyl ketone 
vapors for three hours. 

The exposure chamber consisted of a 61% ft. (198 cm.) cube through which the 
vapor-laden air was drawn under slight negative pressure at 900 liters per minute. 
The vapor concentration was checked every 5 minutes for the first one-half hour 
and every 15 minutes for the remaining two and one-half hours by means of an 
interferometer. 

The subjects employed themselves during exposure in routine writing chores 
and in recording pulse rate and subjective symptoms. A transitory slight irritation 
of the eyes and nose was noticed by both subjects at the beginning of exposure. 


9. Silverman, L.; Schulte, H. F., and First, M. W.: Further Studies on Sensory Response 
to Certain Industrial Solvent Vapors, J. Indust. Hyg. & Toxicol. 28:262, 1946. 
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However, the vapor could be smelled and tasted throughout the exposure. Both 
subjects noted no change in the taste of cigarettes smoked at the end of the experi- 
ment. There was no significant change in the pulse rate and the blood pressure of 
the subjects, and tests for urine sugar and albumin performed 1 hour and 24 hours 
after exposure were negative. In view of the absence of any appreciable discomfort 
and the negative results of the physiological tests, the two subjects estimated that 
a workroom atmosphere containing 50 ppm of diisobutyl ketone vapors would be 
“satisfactory” if not ideal. 

Ten days later, the same two men and an additional male subject, 43 years of 
age, inhaled 100 ppm of diisobutyl ketone vapors for three hours. The experimental 
procedure as outlined above was followed, with the addition of a simple coordination 
test. Each of the three subjects drew six circles and six squares at the beginning, 
middle, and end of the exposure period. 

A slight irritation of the eyes and nose was noticed initially by all three subjects, 
but the sensations decreased somewhat during the exposure. The ketone could be 
“tasted” by two subjects in one hour, and a slight throat irritation was noticed by 
one subject in one and one-half hours. Slight lacrimation occurred in one subject, 
and a slight headache was noticed by the other two subjects in two hours. Two 
subjects experienced a slight dizziness.upon entering a fresh-air atmosphere after 
a three-hour exposure. The two subjects who smoked cigarettes after the exposure 
complained of an unpleasant taste. Pulse rates and blood pressures were normal, 
and urinalyses gave negative results. The performance of the subjects in the coordi- 
nation tests was not influenced by the exposure. The subjects estimated that a 
working atmosphere of 100 ppm of diisobutyl ketone vapors would be “unsat- 
isfactory.” 

SUMMARY 


Animal groups consisting of 30 Sherman stock rats were exposed seven hours 
per day for 30 days to concentrations of 1,650, 920, 530, 250, and 125 ppm of 
diisobutyl ketone. Guinea pigs were also used at the 250 and 125 ppm levels. 
Although significant mortality and major tissue damage occurred only at the 1,650 
ppm level, significant weight increases of the liver and kidney were noted at the 920, 
530, and 250 ppm levels. Female rats showed significantly greater susceptibility to 
the vapors than did the males. Exposure to 125 ppm caused no adverse physiological 
effects in rats of both sexes. Guinea pigs were also unharmed at this level, although 
exposure to 250 ppm did produce a decrease in liver weight. 

Two human subjects exposed to 50 ppm of diisobutyl ketone vapors for three 
hours decided that such a concentration would be comfortable for an eight-hour 
exposure. Three human subjects exposed for three hours to 100 ppm, a concentration 
which the animal studies indicated might be without injury, concurred in the opinion 
that this concentration of diisobutyl ketone in work areas would be found to be 
uncomfortable. Therefore, a hygienic standard not in excess of 50 ppm of diisobutyl 


ketone vapors for workroom atmosphere is tentatively suggested, primarily on the 
basis of comfort. 
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EVERAL years ago, a semiportable unit was constructed for aerosol sampling 
with the cascade impactor and the filter-paper dust sampler. The unit has been 
found to be very useful with a number of air-sampling devices. 
The system consists of a vacuum-pressure pump,’ valve, rotameter,? and manom- 
eter,® with a flow arrangement as shown in Figure 1. The manometer is attached 


SAMPLING DEVICE VALVE 


ROTAMETER 


MANOMETER 


Fig. 1—Flow diagram of the air-sampling system 


to the suction line, as shown, to indicate the pressure drop across the sampling 

device. If the sampler incorporates a filter-paper disk, then the increase in pressure 
drop during sampling may be taken as an estimate of the amount of dust collected. 
With the present rotameter calibrated at various negative pressures, it is possible to 
measure sampling rates in the range of 3 to 34 liters per minute with an accuracy 
of + 0.2 liter per minute. 


This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. 

From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
The University of Rochester School of Medicine and Dentistry. Mr. Laskin is currently 
with the Institute of Industrial Medicine, New York University. 

1. Gast Vacuum-Pressure Pump, Model 0210-P3A-10X, 1.3 C. F. M., manufactured by 
Gast Manufacturing Corp., Benton Harbor, Mich. 

2. Rotameter, Series 700, Fisher & Porter Co., Hatboro, Pa. 

3. Manometer, 15 in. (38 cm.) clean-out, Meriam Instrument Co., Cleveland. 
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A photograph of the system is shown in Figure 2. Dimensions of the assembled 
unit mounted on castors are 15 by 21 by 35 in. (38 by 53 by 89 cm.). Since the 
top of the cabinet is at table height, it may be used either as a workbench or as a 
platform to support the dust sampler. Drawer space is provided in the sampling 
cabinet for storage of accessory equipment. 

The versatility of the unit has allowed its use under many circumstances. It has 
been used extensively for air sampling of inhalation exposure chambers and as a 


Fig. 2.—Air-sampling system 


portable air-monitoring station in various locations of the laboratory. The system 
has been applied as an air control device for supplying air pressure or vacuum in 
many laboratory experiments. It has been very useful in the student laboratory of 
the industrial hygiene and toxicology course offered at the University of Rochester. 


SUM MARY 
A semiportable air-pumping system for aerosol sampling with the cascade 
impactor and other dust samplers is described. In the laboratory, the unit has 
proved to be useful also for supplying air pressure or vacuum in many experiments. 
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Abstracts from Current Literature 


General 


Porson Ivy Control. AmMone StaTE Highway DEPARTMENT WoRKERS—PROGRESS REPORT. 
Joun F. Kuicus Jr., Connecticut Health Bull. 67:187 (July) 1953. 


Although poison ivy is not usually thought of as an industrial hazard, it does account for 
considerable loss of time among workers in the highway department. The Connecticut State 
Highway Department has tried using an extract of poison ivy to immunize its workers. It 
had been found that an effective extract could be prepared, and this was given to workers on a 
voluntary basis in the spring of 1951 and 1952. The results suggest that the preparation is 


effective in reducing poison-ivy dermatitis but that a period of about two weeks is necessary 
to build up an immunity. C. A. Cowarpin, Boston. 


MiGRAINE: A Cause oF Man-Howr Loss 1n INpustRY. MARTIN BENZINGER, Indust. Med. 
22:259 (June) 1953. 


Migraine headaches are only one of many possible manifestations of a condition of inherited 
imbalance of body chemistry. Incoming stimuli of any sort may initiate migraine attacks in 
persons suffering from this condition. Migraine is about three times as frequent in women 
as in men. 

The basic chemical imbalance may result in symptoms other than headache. Such sub- 
stitutes for migraine headache “run the entire gamut of subjective symptoms which mimic those 
caused by organic diseases” and consequently make diagnosis difficult. Many people suffering 
from migraine have periodically enlarged blind spots, which cause visual difficulties. 

The migraine state is the result of a defect in the steroid mechanism. In women, there is an 
estrogen deficiency; in men, a similar deficiency in available androgens. Treatment of the 


condition is therefore by administering steroid preparations to supplement the low level in the 
body. C. A. Cowarpin, Boston. 


KEEPING RHEUMATIC PATIENTS EMPLOYABLE. CONFERENCE ON RHEUMATIC DISORDERS IN 
Inpustry, Indust. Med. 22:302 (July) 1953. 


The papers given at the Conference on Rheumatic Disorders in Industry are presented. 
Some of the points made by the contributing authors are given below. 

Joseru J. Bunim: Dr. Bunim reports a survey of the incidence and prevalence of rheumatic 
diseases in a particular industry. His survey indicates that degenerative joint disease 
is probably the most prevalent form of rheumatic disorder and that as many as 10,500,000 
working days may be lost a year in this country because of rheumatic disease. 

Wittis M. WeEvEN: Compensation is frequently claimed for rheumatic diseases. In cases 
in which the time interval between accidents involving the diseased joint and the onset of the 
disease indicates a causal relationship, these claims are upheld. 

Epwarp W. Lowman: In establishing goals for the rehabilitation of the rheumatic patient, 
joint tolerance must be considered so that the proposed physical activity will not put an undue 
strain on injured joints. Rehabilitation of such patients must also take into account the control 
of the rheumatic process and the psychological tolerance of the patient. 

Henry Viscarpr Jr.: Although the employment of those handicapped by such conditions as 
arthritis is desirable from the point of view of both the community and the workers, industries 
have been reluctant to hire these handicapped persons. In the instances in which this traditional 
reluctance has been overcome and the handicapped have been hired, their success has shown the 
great advantage of enabling these people to lead useful lives. 
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Cuartes RaGan: In order to increase the number of persons with rheumatoid arthritis 
employed, an effort should be made to control pain and to minimize deformities. However, 
even when this is done, the employability of the patient seems to depend on some factor other 
than the severity of the disease. 

ALEXANDER B. Gutman: Acute attacks of gouty arthritis can now be controlled fairly 
simply by the proper use of colchicine, corticotropin, or phenylbutazone. Small doses of 
colchicine given prophylactically every day seem to be of considerable help in preventing acute 
attacks. The deformities of chronic gouty arthritis can now be prevented by the use of a 
uricosuric agent, such as probenecid (Benemid), a benzoic acid compound. 

Epwarp F. Hartunc: Four different approaches to the problem of keeping osteoarthritic 
patients employable can be followed. They are medical, surgical, psychological, and industrial. 
It must be remembered that osteoarthritis is a natural aging process in which the rate is 
influenced by the amount of use and that the symptoms are usually the result of some sort of 
trauma. 

Otto STEINBROCKER: Dr. Steinbrocker evaluates the various therapeutic resources now 
available for the treatment of patients with a shoulder syndrome. He believes that the new 
therapeutic measures will make it possible for more and more of these patients to continue to 
work. 

RicHarp H. FreyserG: Extra-articular rheumatism is a minor disease. It is more apt to 
cause absenteeism than unemployment, and often a change in the type of work is the best 
solution. 

W. A. L. THompson: The patient with low-back pain should be given the benefit of a 
thorough physical examination and not simply be regarded as neurotic. In about 80 to 90% of 
the patients low-back pain is postural in origin and can usually be cured by exercise. The 
remaining patients may have to depend on supports or have their spines stabilized. 

S. Cuartes Franco: It is probable that there is a general failure to diagnose rheumatic 
disease correctly. This may be due to a failure to follow diagnostic criteria and to make use 
of the laboratory procedures that would facilitate diagnosis. Dr. Franco lists the diagnostic 


criteria for some of the commoner rheumatic diseases. C. A. Cowan; Bete 


Physiology and Nutrition 


CuintcaL PutmMonary Puysrotoy: II. Detection of Earty LuNG Function CHANGES IN 
INDUSTRIAL ExposuRE. Hurtey L. Mort.ey, Indust. Med. 22:263 (June) 1953. 


Since individual resistance to lung irritants, such as silica, vary, it is extremely desirable 
to find the most susceptible workers so that they may be removed from hazardous environ- 
ments before irreversible lung changes and disabilities develop. Measurements of pulmonary 
function by rapid spirogram tracings can be used as screening tests to discover these persons. 

In making these measurements a 13.5 liter Benedict-Roth type metabolism apparatus was 
used. The inside valves and soda-lime canister were removed, and the bell was filled with 
room air to obtain measurements of vital capacity and maximal breathing capacity. The total 
vital capacity was measured by having the subject take a deep breath and then exhale as rapidly 
and completely as possible and also by the reverse of this procedure. The total vital capacity 
was used to compute total lung volume. The three-second vital capacity was designated as 
the largest volume of air which could be exhaled during the first three seconds after a maximal 
inhalation. This is the physiologically effective part of the vital capacity, the part that can be 
used with a respiratory rate of 15 or more per minute. Maximal breathing capacity in liters 
per minute was obtained during a 12-second period of maximal deep and rapid breathing. 
The normal maximal breathing capacity for men has been found to be from 120 to 200 liters 
per minute. In a study of 432 coal miners, a significant degree of emphysema was found when 
the maximal breathing capacity was under 40 liters per minute. 

Five cases are cited in which the maximal breathing capacity measurement was abnormal 
and served as a useful screening test. In two of the cases, the three-second vital capacity was 
decreased. Normal spirogram measurements indicate normal lung volume and elasticity, the 
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absence of obstruction, and good movement of the diaphragm. The measurements can be made 
in five minutes on normal subjects and provide a tremendous amount of information on lung 
condition. If the observed measurements are reduced more than 15% from the predicted values, 
further investigation should be undertaken before the subject is exposed to environmental 
breathing hazards. C. A. Cowarpin, Boston. 


Stticosis AMONG FEMALE WoRKERS IN THE Pottery INpbusTRIES. JosEPH T. Nok, Indust. 
Med. 22:255 (June) 1953. 


Occupational Diseases and Hazards 


The pottery industry is one of the relatively few occupations in which women are exposed 
to concentrations of silicon dioxide sufficient to produce silicosis. A high percentage of the 
workers in this industry are women, and among the skilled tasks which they perform is “finish- 
ing,” a process which creates a fine dust containing a large amount of silicon dioxide. 


The incidence of silicosis among those employed as finishers is about 11%. The majority 
of the women silicatics have changed to dust-free work on the advice of medical authorities. 
Those who continue to work as finishers are usually women who have been working at that 
specific job for many years and, although aware of their condition, seldom file claims for 
compensation. Dr. Noe cites case histories of five such persons. 


C. A. Cowarpin, Boston. 


PHYSICOCHEMICAL StupIES ON Dusts: VI. Etecrron-OpricaAL EXAMINATION OF FINELY 


Grounp Smica. J. G. Giss; P. D. Rircuir, anp J. W. Suarpe, J. Appl. Chem. 3:213 
(May) 1953. 


Changes in surface structure brought about by removal of the high-solubility layer from 
crystalline quartz and fused silica (Vitreosil) dusts by 40% hydrofluoric acid and from Lochaline- 


sand dust by a borate buffer (pH 7.5) are studied by electron-optical methods. The accompany- 
ing changes in electron-diffraction pattern show that the original surface layer is amorphous 
(estimated mean thickness about 0.03 to 0.06 #); for quartz and Lochaline-sand dusts there is 


some evidence of an intermediate layer of very minute crystallites between the amorphous layer 
and the crystalline core. 


AvutTHors’ SUMMARY. 


SEAL Disease. N.S. SKINNER, Canad. M. A. J. 69:155 (Aug.) 1953. 


Seal disease, or seal finger, is a fairly common cause of disability among seal fishermen but 
is poorly documented. The period of disability may be prolonged and may result in a 
permanently stiff finger, or it may necessitate amputation because of chronic osteomyelitis. 
The etiologic agent has not been proved, but apparently it is sensitive to chlortetracycline (aureo- 
mycin). An apparently typical case is presented which is of particular interest because of the 
geographical location; since the killing of seals is common among fishermen along the North 


Atlantic seaboard, the medical profession should be more aware of the clinical picture of seal 
disease. 
From THE AuTHOR’S SUMMARY. 


STUDIES ON THE NATURE OF Silicosis: THE Errect or Siricic Actp oN CONNECTIVE 
Tissur. P. F. Horr anp Sonta G. Osporne, Brit. J. Indust. Med. 10:152 (July) 1953. 


The authors studied the effects of dilute silicic acid sols on hyaluronidase-treated membranes 
(rat subcutaneous tissue) to determine whether the permeability was effected. They found 
that silicic acid was capable of reducing the permeability of such membranes. Fresh sols 
containing 0.04 gm. SiOz per 100 ml. or more were effective; those containing 0.008 gm. SiOz or 
less had no effect. When the sols were allowed to age and thus polymerize, they became much 
more effective in reducing the permeability. Aged sols were effective in concentrations as low 
as 0.002 gm SiOz per 100 ml. 


i 


ABSTRACTS FROM CURRENT LITERATURE 387 
The function of silicic acid in silicosis is considered to be analogous to that of the mucopoly- 
saccharides. By assuming that the formation of fibrotic tissue requires both the dissolution 
of the dust in the tissue fluid and the polymerization of the silicic acid formed, an explanation 
is given of the pathogenic effects of free silica dust and the harmless nature of cement dust. 


B. H. Amour, Boston. 


DissoLuTion TIME OF THE CLOT (FIBRINOLYSIS) IN SILICOSIS. 
CAMBRUZzZzI, AND Apa Toso, Med. lavoro 44:218 (May) 1953. 


Dissolution of the clot is brought about by the enzyme fibrinolysin. In normal persons, this 
takes from 7 to 22 days. In various pathological conditions, the time is shortened. In silicosis 
not associated with active inflammatory processes, the time for fibrinolysis has been two to 
five days. This is probably brought about by an alteration in serum proteins. 


EMILIO SARTORELLI, SERGIO 


CONDENSED FROM ENGLISH SUMMARY. 


LESIONS IN THE Upper RESPIRATORY TRACT OF CHROMIUM PLATERS. 


Jaakko S. LumMio, 
Nord. hyg. tidskr. No. 5-6, 81, 1953. 


In 16 workplaces 33 chromium platers were examined in all, of whom 20 were male and 
13 female. Of these only 6 had a normal nose; 14 had dried secretion and cicatrices in the 
septum, 9 had dried secretion and ulcers, and 4 had perforated septum; 7 suffered from ulcerative 
pharyngitis, and 4 had ulcerative laryngitis. 

As severe lesions as these were found, though the chromium concentration of air measured 
did not in any workplace even approach the internationally defined danger limit (0.1 mg. CrOs 
per cubic meter) and the highest measured value was only 0.003 mg. CrOs per cubic meter. 
The lesions are generally caused by a suddenly increased chromium concentration, so that these 
injuries are more of the character of a work accident than of an occupational disease. 


ENGLISH SUMMARY. 


Industrial Toxicology 


Crop Prorection As A HEALTH Hazarp. J. M. Barnes, Chem. & Indust. 26:625 (June 27) 
1953. 


The author considers the question of whether the use of chemicals in agriculture for the 
control of pests is a health hazard. He feels that the current fear that new synthetic chemicals, 
such as D. D. T., are finding their way into food and are responsible for certain diseases has 
little probability from the available facts. These new pesticides do not seem to differ 
fundamentally from the poisons that have been used in the past. However, it is quite possible 
that they are not being used in the right or the best way. It is suggested that the hazards 
arising from the use of such poisons can be reduced by improving the training of those using 
the chemical and by improving the containers and the equipment used in the field. 


C. A. Cowarpin, Boston. 


SoME OF THE NEWER [IRRITANTS INTRODUCED IN INDUSTRY SINCE THE WAR. 


M. H. Samitz, 
Compens. Med. 5:3 (March-May) 1953. 


Recent technological advances have brought an ever-increasing number of new substances 
into use in industry. Many of these substances can be hazards both to the worker and to the 
consumer. Dr. Samitz presents a review of the information on the various aspects of this 
problem. 

One of the ways in which the toxicity of industrial agents can be determined is by studying 
their capacity to penetrate the skin. Such studies emphasize the importance of proper protection 
for the skin of the worker and give a basis for a choice of chemicals according to their toxicity. 

Dermatological hazards are associated with materials used in many different fields. In 
agriculture, such chemicals as the halogenated hydrocarbon compounds, organic phosphates, and 
thiocyanates used in insecticides can have a variety of toxic effects on those using them. 
Beryllium, used in many industries, has toxic effects on the skin, upper respiratory tract, and 
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lungs. The production of synthetic rubber and of plastics constitutes areas in which many of 
the materials used present a hazard to the worker unless adequate precautions are taken. The 
use of atomic energy has posed a further problem by increasing the probability of exposure to 
radiation. Each industry presents its own problems, which can be met if the expanding knowl- 


edge of these new irritants is made available. C. A. Cowarpin, Boston. 


ARSENIC TRIOXIDE ExposurE IN INDUSTRY. SHERMAN S. Pinto, AND CHARLES M. McGILL, 
Indust. Med. 22:281 (July) 1953. 


Arsenic trioxide is used widely in agriculture and industry. In the smelting process by 
which it is produced commercially, the workers are exposed to fairly large particles of arsenic 
trioxide in the form of dust. It is necessary that these men wear protective clothing, including 
respirators and, if the concentration of dust is high, dust-tight goggles. 


Urinary arsenic studies show that workers exposed to arsenic trioxide tend to have a higher 
concentration of urinary arsenic than those not exposed. The average urinary arsenic value 
for men exposed to arsenic trioxide dust was found to be 0.82 mg. per liter, while that for a 
control group was 0.13 mg. per liter. However, the distribution of values for the two groups 
was such that there was considerable overlapping. A study of 16 persons receiving dimercaprol 
(BAL) for dermatitis caused by exposure to arsenic trioxide showed that arsenic was excreted 
in the urine at the rate of 0.7 mg. per 24-hour period. 


The chief effects of arsenic trioxide exposure are dermatitis, conjunctivitis, and perforation 
of the nasal septa. Perforation of the nasal septa seems to be the result of particles of the 
arsenic trioxide dust dissolving on the septa and causing necrosis of the mucous membrane. 
Various forms of protective ointments are used in the treatment of dermatitis, as well as anti- 
histamine therapy and dimercaprol in cases of an allergic nature. C. A. Cowarpin, Boston. 


PaRALysis FOLLOWING PoIsonInG By A NEW OrGANIC PHospHorus INSECTICIDE (MIPAFOX). 
P. Lestey Bipstrup, J. A. BONNELL, AND A. Gorvon Beckett, Brit. M. J. 1:1068 (May 
16) 1953. 


Two cases of poisoning by the new compound bis(mono-isopropylamino)-fluorophosphine 
oxide are reported. The compound is an inhibitor of cholinesterase and brings about symptoms 
of acute organic phosphorus poisoning. It has been given the common name mipafox. 


In both the cases reported, the patients were exposed to the new compound at some stage 
in its manufacture. Paralyses of upper and lower limbs developed in both patients, and in the 
case of the patient with the severer paralysis this was preceded by vomiting and diarrhea. In 
both instances, the paralysis developed after a latent period of about two weeks. 

During the acute stages of poisoning, atropine was given to counteract the muscarinic and 
central nervous system effects of cholinesterase inhibition. Treatment of the paralysis by 
physical therapy was limited by the extreme susceptibility of the muscles to fatigue. It has 
been found that after exposure to mipafox the cholinesterase is restored to the red blood cells in 
a linear fashion at the rate of about 1% per day. The plasma-enzyme activity returns more 
slowly and is only 60% normal after 40 days, while after this same length of time the red cell 


> activity ot > oO ~ 
enzyme activity has returned to normal C. A. Cowarpin, Boston. 


Environmental Conditions 
Noise. J. C. RapciirFe, Occup. Health Rev. 4:3 (March) 1953. 


3esides the factors of intensity, frequency, and distance, such further considerations as 
susceptibility, age, character of surroundings, and position with respect to the source of sound 
must be taken into account in regard to the influence of noise on hearing. It has been found 
that in general the longer the exposure to noise the greater the hearing impairment. Great 
individual differences exist both in the susceptibility of persons to hearing loss and in the rate 
of recovery. Noise can be controlled by proper maintenance of machinery and by the shielding 


se i oisy operations. 
and segregating of noisy operations C. A. Cowarprn, Boston. 
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News and Comment 


CONFERENCE ON EXPERT AND TECHNICAL TESTIMONY IN MEDICAL 
AND HEALTH PROBLEMS 


The Institute of Industrial Health and School of Public Health of the University of 
Michigan offer a conference on expert and technical testimony in medical and health problems 
on Oct. 21, 1953, at Ann Arbor, Mich. 


Papers to be presented include, “Attorney's, Technical Witnesses, and the Courts”—the 
conference keynote address, by J. Joseph Herbert; “The Physician’s Obligations to the Courts” 
—the medical keynote, address, by Edward D. Spalding; “Judicial Procedure as It Applies to 
Technical Witnesses,” by Charles W. Joiner; “Preparation of the Technical Witness Prior to 
Court Appearance (the Attorney’s Viewpoint),” by T. Donald Wade; “The Medical Preparation 
of a Medical-Legal Case (the Physician's Viewpoint),” by Theo. J. Curphey; “The Use of 
Scientific Records and Exhibits in the Court Room,” by Eli Sherman Jones, and “The Dilemma 
of Official Agencies as to Court Appearance,” by William G. Fredrick. 

At the evening session there will be a demonstration of good and bad technical witnesses, 
based upon a compensation claim in a simulated case of silicosis. 

Further information may be obtained from Mr. H. E. Miller, Director, Continued Education, 
School of Public Health, Ann Arbor, Mich. 


CORRECTIONS 


In the article entitled “Nickel Poisoning” by Drs. Kincaid, Strong, and Sunderman, published 
in the July, 1953, issue, the third from the last sentence in the first paragraph on page 58 
should read as follows: “Rabbits were treated with doses of 30 mg. per kilogram given one hour 
after exposure, followed by doses of 15 mg. per kilogram given consecutively at 5, 20, 26, 44, 
and 50 hours after exposure.” 


In the article by Dr. Joseph F. Treon, Mr. John Cappel, and Mr. Howard Sigmon, “Toxicity 
of 2-Ethylhexyl Diphenyl Phosphate,” published in the September, 1953, issue of the ARCHIVES, 
Footnote 1 should have read “Treon, J. F.; Dutra, F. R., and Cleveland, F. P.: Toxicity of 
2-Ethylhexyl Diphenyl Phosphate: I. Immediate Toxicity and Effects of Long-Term Feeding 
Experiments, A. M. A. Arch. Indust. Hyg. 8:170 (Aug.) 1953.” 
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Books 


Praktische Arbeitsphysiologie. By Gunther Lehmann. Price, D.M. 33. Pp. 355, with 
145 illustraticns. Georg Thieme Verlag, Diemershaldenstrasse 47, Stuttgart, Germany, 1953. 


Prof. Lehmann, Director of the Max Planck Institut fiir Arbeitsphysiologie at Dortmund, 
Germany, has written a very useful book in which the basic physiological problems applied to 
working conditions are treated. The author is inspired by his own long experience and also 
by the numerous results of research of the 40-year-old Max Planck Institut fiir Arbeits- 
physiologie. 

The first part is specially dedicated to the functional activity of muscles in different working 
conditions. The special importance of static and dynamic muscle work is described. Later are 
given the basic properties of nerves, including the coordination of movements, the adaptation 
of respiratory and circulatory functions to effort, and the principal facts of the impairment by 
fatigue on work. Those physiological laws are applied in practical recommendations about the 
time schedule of recreations and the length of shifts. Various examples of recreation times for 
different kinds of work are given. The author distinguishes between willingness and capacity 
to work; here the physiology of work overlaps to the neighboring field of psychology. 

A very interesting chapter is capacity in relation to age and sex. The data on the influence 
of drugs on capacity and work output are mostly based on the author’s own experiments. The 
book contains also some very useful practical advice on the most efficient position of the body, 
on the adequate construction of seats and tables, and on the design of instruments and machines. 

A large part of the book is dedicated to the evaluation of work by the measurement of 
energy expenditure. This approach is specially important for the rationalization of heavy 
work and also for the estimation of adequate nutrition. 

The last part describes rather summarily the influence of the environment (heat, light, noise, 
vibration), the social problems of different paying-off systems, and the possibilities of 
physiological evaluation of the performance of a work. 

The text is completed by various illustrations, graphs, and tables. The bibliography is 
specially based on German literature. 

The book can be recommended to physicians, engineers, and production managers for the 
study of the basic principles of human work. The various advice contained in the book is a very 
useful contribution to rationalization and facilitation cf human work. 

E. GRANDJEAN. 
Handbook of Noise Measurement. By Arnold P. G. Peterson and Leo L. Beranek. Price, 
$1. Pp. 102 (text) and 18 (appendix). General Radio Co., Cambridge, Mass., 1953. 


This is a very timely manual with excellent illustrations, a short bibliography, and an appendix 
of decibel tables and an instrument catalog. It is issued in loose-leaf form. 
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TO HELP YOUR PATIENTS 
AND SAVE YOU TIME 


Booklets on Eyesight 


These booklets prepared especially for the 
American Medical Association will answer 
many of your patients’ questions for you. 
Among the titles, you will undoubtedly find 
topics you've had to discuss at length with 
patient after patient taking up time that 
you could have used to treat other patients. 
Let these booklets solve that problem for 
you. 


WHOM SHALL I CONSULT ABOUT 
MY EYES? F. T. Jung. 8 pages. 15 cents. 


EYES-RIGHT ! 
20 cents. 


Audrey McKeever. 14 pages. 


HOW TO SAVE YOUR EYES. Cleo Du 
Bois. 4 pages. 10 cents. 


SHOULD YOUR CHILD WEAR GLASS- 


ES? J. Robert Burke. 12 pages. 15 cents. 


CATARACT. 


15 cents. 


Abram B. Bruner. 


12 pages. 


CONTACT LENSES. Marguerite Shields. 3 


pages. 10 cents. 
COLOR BLINDNESS. Dean Farnsworth 
and Conrad Berens. 2 pages. 5 cents. 


WHAT TO DO FOR BLIND CHIL- 
DREN. Park Lewis. 


26 pages. 15 cents. 


ONE EYE SEES EVERYTHING. Phyllis 


Duke-Elder. 2 pages. 5 cents. 


Keep a supply on hand. Available at lower 
cost for quantity purchases. Write for 
prices. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


| for emergency first aid: tourniquet, lancet, ammonia inhalants, 


| iodine swabs, adhesive bandages, Saunder’s venom- 
suction pump with two adapters. Write for data. i Pomveareet 


_ Rockford, Illinois - In Canada, it’s Safety Supply Co. 


instant 


first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with (i), ... 


When a poisonous snake strikes, suction must be applied im- 


mediately. Venom must be prevented from spreading through 


the body. The new, improved Saunders’ Snake Bite Kit provides 


instant first aid with the right kind of suction—controlled and 


increased as desired. Easily and quickly administered, by the 


victim alone if necessary. Kit provides everything needed 


* Patented 


Meo pronounced EM-ESS-CO 
Medical Supply Company 
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Exudate in 
frontal sinus Fluid level in 
sphenoid sinus 


Reddened and 4 
swollen turbinates 


discharge Pharyngitis 


dependable 
decongestion 


sinusitis, allergic rhinitis 


Through its prompt and prolonged decongestive action Neo-Synephrine 
not only restores nasal patency during all stages of the common cold, 
sinusitis or allergic rhinitis, but also helps to reestablish and protect the 
physiologic defense mechanisms of the nasal cavity: and encourages 
proper sinus drainage and aeration. 


Neo-Synephrine’s powerful vasoconstrictive action is exerted with 


virtually no sting, congestive rebound, or systemic side effects 
and is undiminished after repeated use. 


NEO-SYNEPHRINE fee 


Ke aped aud inthe heli’ 


14% solution (plain and aromatic), 
1 oz. bottles 


¥% and 1% solutions (when stronger 
vasoconstrictive action is needed), 1 oz. 


bottles 
water soluble jelly, 54 oz. tubes 


NEW YORK . Y. WINDSOR, ONT. 
Neo-Synephrine, trademark reg. U.S. & Canada 
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